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 SUMMARY
The
objective
of
this
project
was
to
determine
and
assess
the
relation-
ship
between
concentrations
of
selected
heavy
metals
in
streamwater,
suspended
sediments,
bottom
sediments
and
soils
within
selected
agricultural
watersheds,
with
the
aim
of
elucidating
storage
and
transport
mechanisms
for
trace
elements.
Soil
profile
samples
of
the
major
soil
types
of
each
of
the
6
agri-
cultural
watersheds
were
obtained
for
nutrient
and
trace
metal
analysis.
Analyses
of
total
metal
concentrations
(As,
Cd,
Cr,
Cu,
Hg,
Mn,
Ni,
Pb,
Se,
Zn,
Al
and
Fe)
and
DTPA
extractable
metals
(Cd,
Cu,
Ni,
Pb
and
Zn),
as
well
as
total
carbon,
organic
carbon,
total
nitrogen,
total
phosphorus
and
pH
were
performed.
To
demonstrate
field
variability
and
the
effectiveness
of
our
sampling
system,
six
replicate
soil
samples
were
taken
within
the
same
soil
pit
for
most
sites.
In
addition,
four
soil
pits
within
the
same
soil
type
separated
by
at
least
1
mile
were
sampled
in
one
watershed.
The
re—
plicate
soils
were
analyzed
for
total
concentrations
of
Cr,
Cu,
Mn,
Ni,
Pb,
Zn,
Al,
Fe,
C
and
N.
Composites
of
the
A
horizons
from
each
major
soil
of
each
watershed
were
used
for
the
extraction
of
HA's
and
FA's.
Ultimate
analyses,
functional
group
analyses,
chemical
degradation
and
identification
of
products
were
performed
on
each
sample.
Bottom
sediments
were
obtained
from
the
mouths
of
the
watersheds
in
1975
and
1976.
The
same
analyses
as
performed
on
the
soil
samples
were
p
e
r
f
o
r
m
e
d
for
the
b
o
t
t
o
m
sediments.
Streamwater
was
collected
in
each
watershed
several
times
during
the
summer
and
fall
of
1976.
Samples
were
divided
into
total,
particulate
(>.45u)
and
dissolved
(<.45u)
fractions.
Each
fraction
was
analyzed
for
total
and
organic
carbon,
total
nitrogen
and
sulphur,
and
total
concentra—
tions
of
Al,
Fe,
Cd,
Cr,
Cu,
Mn,
Ni,
Pb,
Se
and
Zn.
Average
soil
concentrations
for
10
metals
and
2
non—metals
were
deter-
mined
for
the
soil
samples.
Weighted
average
metal
concentrations
were
determined
for
each
watershed.
The
average
Ap
soil
concentrations
were
as
follows:
4.7i2.3
ppm
As;
51.5il7.l
ppm
Cr;
l7.3i6.3
ppm
Cu;
47:18
ppb
Hg;
558i
273
ppm
Mn;
l9.4i6.2
ppm
Ni;
22.5i4.2
ppm
Pb;
O.35i0.ll
ppm
Se;
84.3:
23.5
ppm
Zn;
5.85:1.002
Al;
2.78:1.152
Fe;
2.33i1.022
C;
3.02:1.80Z
organic
matter;
O.20i0.lOZ
N;
657:277
ppm
P;
l9.6ilO.2%
clay
and
6.6i
0.6
pH
units.
Values
for
B
and
C
horizons
are
available
in
Table
3.
 
 Concentrations of the metals measured in soils were within the ranges
reported for soils by other researchers and appeared to be natural levels.
There was a positive correlation for most metals between concentrations
found in the Ap and C horizons. This relationship was strongest for Se and
Pb, 2 metals that tended to accumulate in the Ap horizons but still reflected
the C horizon values. As, Cr, Cu, and Ni in bottom sediments were signi—
ficantly correlated with C horizon concentrations while Zn, Pb and Mn in
bottom sediments were correlated with Ap horizon values.
Some total metals, such as Cr, Ni, Pb and Zn, were positively corre—
lated with clays, Al and Fe, while others, such as Cu andHg, were positively
correlated with organic matter.
Within a single soil pit, Al and Fe had the least variability in the
replicate samples, while Cu and Ni had the most. Soil B horizons were more
variable than Ap or C horizons. The watersheds with the highest metal
concentrations showed the least variability.
In watershed 10 - a watershed with high metal concentrations and low
metal variability - the A horizon was morevariable in metal content than
either the B or C horizon; however, the variability for sites Separated by
several miles was nearly the same as for samples within the same soil pit.
Bottom sediments had lower metal concentrations than watershed soils
while suspended sediments had higher metal concentrations. This is largely
due to the clay and organic matter content variations. Suspended sediments
are enriched in clay and organics while bottom sediments were lower in both
compared with soils.
For the metals in soils and bottom sediments, there were wide ranges of
values between watersheds but there were very small fluctuations within each
watershed. This was the case for both total and DTPA extractable metals.
DTPA extracts, which measure plant availability, showed the highest
extractable metal contents were in the Ap horizons - 5.5% total Cu, 2.12
total Ni, 5.5% total Pb and 1.5% total Zn. The DTPA extractable Cu, Pb and
Zn were twice as high in bottom sediments as in soils. DTPA extractable
and total metals were not significantly correlated.
Organic matter - HA's and FA's - extracted from soils, bottom sediments
and suspended sediments were structurally similar to each other and to
organics extracted in other parts of the world. The binding capacities of
organics extracted from bottom sediments were lower than those from soils;
however, for Cu and Zn, these organics may be binding a proportionately
greater quantity of metal.
The 6 agricultural watersheds were grouped as 2 groups on the basis of
metal distribution throughout the Soil profile. Soils in Essex County (1
and 13) had the highest metal concentrations in the C horizon while the
south central Ontario watersheds had the lowest metal concentrations in the
 C
horizons.
This
grouping
of
watersheds
was
also
evident
in
the
relation-
ships
of
heavy
metals
in
bottom
sediments
and
soils.
Of
the
fertilizers
examined,
trace
metals
were
detectedonly
in
phosphate
fertilizers.
Low
levels
of
Cu,
Co
and
Ni
were
found
in
phosphate
fertilizers
but
the
levels
did
not
increase
as
the
amount
of
phosphate
increased.
Cd,
Zn,
Cr
and
Fe
increased
with
the
amount
of
phosphate.
Aerial
fallout,
applications
of
phosphate
fertilizer
and
manure
disposal
have
the
potential
to
raise
present
soil
metal
levels
by
0.1%,
0.005%
and
0.5%
per
year,
respectively.
With
the
removal
of
metals
from
the
soil
by
erosion,
leaching
and
plant
uptake,
increases
in
metal
levels
would
take
a
considerable
number
of
years
to
detect.
Generally,
65%
Cu,
502
Pb
and
Zn
and
35%
Ni
in
bottom
sediments
were
bound
in
chemical
forms
that
under
severe
ecosystem
stress
could
be
liberated
into
a
readily
useable
form.
When
soluble
metals
were
added
to
the
soils
and
sediments,
they
reacted
first
with
the
carbonates
to
form
co-precipitates
and
then
the
more
strongly
bound
forms
-
hydrous
oxides
and
organic
matter.
As
the
metal
additions
continued,
more
of
the
metal
remained
in
the
water
soluble
and
exchangeable
forms.
Phosphorus,
although
it
affects
the
solu-
bility
of
metals,
did
not
appear
to
affect
the
binding
of
the
metals.
There
were
no
correlations
between
metals
and
other
elements
in
the
streamwater
when
the
values
for
all
the
watersheds
were
averaged.
However,
on
an
individual
watershed
basis,
some
correlations
were
observed
but
there
was
no
consistent
pattern.
Of
the
few
particulate
samples
obtained
during
1976,
metal
values
were
higher
in
the
particulate
than
in
the
soils
or
bottom
sediments,
undoubtably
a
reflection
of
particle
sizes.
Similar
values
for
particulates
were
obtained
during
the
spring
runoff
periodof
1977.
With
respect
to
metals,
no
evidence
was
found
to
relate
agricultural
activity
to
metal
concentrations
in
either
terrestrial
or
aquatic
ecosystems.
The
metal
levels
were
a
reflection
of
the
soil
types
present
and
their
geochemical composition.
 INTRODUCTION
Under the 1972 Water Quality Agreement between Canada and the United
States, the Pollution from Land Use Activities Reference Group (PLUARG)
was charged with answering the following: 1. were the boundary waters
being polluted?; 2. from what sources and in what quantities were pollutants
entering the lake?; and 3. what remedial measures would alleviate the pro-
blems? Since agriculture covered such a large proportion of the basin,
Agriculture Canada, Ontario Ministry of Agriculture and Food and Ontario
Ministry of the Environment funded projects to delineate the contributions
from agricultural sources.
The major objective of this study (Project9) was:
To determine and assess the relationship between concentrations of
selected heavy metals in stream waters, suspended sediments, bottom
sediments, soils and soil amendments within selected agricultural
watersheds, with the aim of elucidating storage and transport mechan—
isms.
Sites for collection of samples were located within the six agricultural
watersheds — l, 3, 4, 5, 10, and 13 (Detailed Study Plan). This study
dealt with the elements Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se and
Zn, with in-depth investigations being carried out onCd, Cu, Ni, Pb and
Zn. Water, suspended sediments, bottom sediments and soil samples were
collected by investigators in Projects 7, 8 and 9, after consultation
with the project leaders. A detailed mapping of the soil series present
in each of the six agriCultural watersheds was prepared by Acton et al.,
1978 (Project 7) while the mineralogical characterization of the sediments
and soils was the objective of Project 8 (Wall, 1978).
The following experimental data were obtained: 1. total concentration
of Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se and Zn in soils, bottom sedi—
ments and suspended sediments; 2. DTPA extractable concentrations of Cd,
Cu, Ni, Pb and Zn in soils and bottom sediments; 3. total concentrations
of Cd, Cu, Pb and Zn in filtered and unfiltered water samples; 4. elemental
analysis such as C, N, P, S and pH determination on soils and sediments;
5. concentrations and analytical characteristics of humic and fulvic acids
in selected bottom sediments, suspended sediments and soils; 6. total levels
of selected metals in fertilizer stocks.
The experimental data provided the following information: 1. back-
ground levels of heavy metals in soils; 2. prediction of the heavy metal
 storage
capacity
of
organic
and
inorganic
matter
in
stream
waters,
bottom
sediments,
suspended
sediments
and
soils;
3.
establishment
of
relationships
between
heavy
metal
contents
of
water,
suspended
sediments,
bottom
sediments
and
soils;
4.
correlation
of
clay
content
and
organic
matter
content
of
suspended
sediments,
bottom
sediments
and
soils
with
respective
metal
con-
centrations;
5.
establishment
of
relationship
between
the
nature
of
humic
and
fulvic
acids
in
bottom
sediments
and
adjacent
soils
in
an
attempt
to
gain
insight
into
the
sources
(soil
erosion
or
in
situ
formation)
of
these
organic
components;
6.
identification
of
agricultural
sources
of
heavy
metals
based
on
analysis
of
fertilizer
materials,
and
data
anticipated
from
questionnaires
distributed
to
farmers
within
the
watersheds,
dealing
with
fertilizer,
animal
waste
and
sewage
sludge
usage;
7.
overall
statement
regarding
the
important
mechanisms
of
heavy
metal
transport
and
storage,
operative
within
the
selected
agricultural
watersheds.
  
DATA COLLECTION
Sampling
Six agricultural watersheds in Southern Ontario were selected for
this study. Short descriptions are presented in Table 1. More complete
descriptions of these watersheds are given in the Detailed Study Plan, 1974.
It was anticipated that the diversity of agricultural practices in these
6 watersheds would permit extrapolation of results to the Great Lakes
Basin. Sampling sites for soils were located within the major soils of
each watershed. The number of soils sampled in each watershed ranged
from 2 in watershed 10 to 7 in watershed l. The soils are described in
Appendix Tables 1, 2 and 3. Soil pits measured approximately 100 cm x
150 cm. Soil samples were collected for trace elemental analyses by
collecting discrete horizons with plastic or Teflon coated utensils.
Sampling was from the bottom upward in the profile. Approximately 1 kg
of each horizon was sealed in a plastic bag and shipped to the laboratory.
Soil replicates were obtained by collecting 6 samples (at least one per
face) from each primary horizon (ie. only 1 A horizon, l B horizon and l
C horizon) in a soil pit. In watershed 10, four sites were located at
least a mile apart within the same soil series and were sampled in the
same manner. Soil samples for humic substances extraction were collected
from the surface soils only. Twenty separate samples were composited
for each surface sample to be used for humic substances extraction.
Sediment sampling stations were located slightly upstream of the
MOE gauging station in areas when movement on the streambank would not
contribute to sediment load in the water.
A bimonthly sampling scheme
was adopted.
Bottom sediments were collected from the mouth of the
watershed using a hand—held plastic corer (Sutton, 1974).
Bottom sediments
ranged in depth from 5—20 cm.
Samples were collected across the underwater
width of the stream until approximately 1 kg was obtained.
The cores
were placed in plastic bags for shipment to the laboratory.
Suspended sediments were obtained in the same location and at the
same time as the bottom sediments in 1976.
A battery operated pump was
used to obtain 20 l of suspended Sediment at each station.
Event samples
were occasionally obtained, in addition to the regular bimonthly samples.
During the spring runoff period of 1977, suspended sediment samples
were obtained from 4 of the agricultural watersheds by the centrifugation
method available at Canada Center for Inland Waters at Burlington.
450
l of water
was
obtained
at approximately
the
time
of
the
spring peak
 TABLE
1.
 
NA
ME
AG
1
Big
Creek
AG
3
Little
Ausable
River
A
G
4
C
a
n
a
g
a
g
i
g
ue
Creek
AG
5
Holiday
Creek
AG
10
Twenty
Mile
Creek
AG
13
Hillman
Creek
COUNTY
 
Essex
Huron
Wellington
Oxford
Lincoln
Essex
AGRICULTURAL
STUDY
WATERSHEDS
SOIL
TYPE
 
C
l
a
y
Clay,
loam
Silt
loam,
Clay
loam
Loam
C
l
a
y
Loamy
fine
sand
AREA
(kmz)
 
5
1
.
8
5
4
.
1
1
8
.
9
2
9
.
5
2
9
.
8
20.7
P
R
I
M
A
R
Y
AGRICULTURAL
ACTIVITY
Cash
Crops
Pasture
&
Forage
Crops
Pasture
&
Small
Grains
Pasture
&
Forage
Crops
Pasture
Horticultural
&
Cash
Crops
 runoff and centrifuged to remove the sediment. Samples before and after
centrifugation were obtained also.
Chemical Analyses
Once at the laboratory, soil and bottom sediment samples were
poured into plastic trays and allowed to air dry. Samples were thoroughly
mixed, divided into quarters and diagonally opposite quarters combined.
Half the sample was prepared for mineralogical and physical properties,
and the other half for chemical properties. Only the chemical properties
were examined in this project. All soil and bottom sediment samples
were sieved through a 2 mm nylon sieve, sediments to conform to the
definition of bottom sediments established by PLUARG, and soils to
conform to analytical methods. Samples were analysed for total carbon
(Leco Furnace), carbonates (pressure transducer), total sulphur (oxygen
flask combustion), total nitrogen, total phosphorus and pH (CaClZ).
For total metal analysis, the samples were ground to pass through a
300 mesh sieve. 1.000 gram of oven-dry sample was placed in a 100 ml
teflon beaker, and 20 ml concentrated HNO3 was added. The solution was
covered and gently boiled for % hour on a hot plate at lOO-lSOOC. After
cooling, 20 ml concentrated HClO4 was added and the solution gently
boiled for % hour on a hot plate at ZOO-250°C. After cooling, 20 ml
concentrated HF was added and the solution covered and boiled for % hour
on a hot plate at 80°C. The covers were removed and the heat gradually
increased to 250°C as the HF evaporated. The beaker sides were washed
down with 25 ml 1N HNO3 and boiled again to dissolve the residue. After
cooling, the solution was made up to 50 ml with distilled water and the
trace elemental concentrations determined by atomic absorption spectrophotometry.
Reagent blanks and standard rock and soil samples were run with each
batch of samples. Several quality control checks were run throughout
this study to determine the precision of our analytical laboratory.
From the standard deviations and the means, one could determine the
necessary number of samples to be analyzed to maintain a given precision.
For Cu, Mn, Ni, Pb, Zn, Al and Fe (over 10 ppm) only one sample was
necessary to maintain ilOZ precision. Samples were at least run in
duplicate for this study. Concentrations below 10 ppm required greater
numbers of duplicates to maintain i102 precision. Cr also required at
least 2—3 duplicates because of an analytical problem with perchloric
acid.
Mercury analyses were conducted on 5 g soil or sediments in modified
flasks. Vanadium pentoxide (0.1 g) was heated for 5 minutes with 5 ml
concentrated HNO3.
5 ml H2804 was added to the solution and the heating
and refluxing continued for 30 minutes.
After cooling, 3-4 drops of 50%
hydrogen peroxide were added.
When room temperature was reached, the
apparatus was washed with 2% sulphuric acid (30-40 ml), catching the
washings.
The digest was filtered through prewashed glasswool into a
100 ml volumetric flask and made up to volume with 1.0 N H2304.
The
mercury concentration was determined by flameless atomic absorption
(modified method
of Malaiyandi
and
Barrette,
1970).
 Selenium
analyses
were
conducted
on
0.2
g
samples
after
wet
diges-
tion
with
HNO3
and
HC104.
5
ml
HNO3
and
few
glass
beads
were
added
to
the
sample
in
a
Kjeldahl
flask.
After
30
minutes
at
room
temperature,
2
ml
HC104
was
added
and
the
flask
placed
over
low
heat
for
20
minutes.
Heat
was
increased
until
fumes
of
HC104
evolved
and
digestion
continued
for
a
further
15
minutes.
After
cooling,
2
ml
1.0N
HCl
was
added
and
the
flasks
were
placed
in
100°C
waterbath
for
15
minutes.
The
digest
was
transferred
to
50
ml
pointed
tubes
fitted
with
Teflon
stoppers
and
the
volume
brought
to
25
ml.
A
solution
of
5
ml
1:1
formic
acid
and
5
ml
0.04
M
Naz
EDTA
in
10%
NHZOH.HC1
were
added
and
the
solution
titrated
to
pH
1.8
with
4N
NH4OH.
After
10
minutes
on
a
50°C
waterbath,
5
ml
0.12
DAN
(2,
3
-
diaminonaphthalene)
was
added
and
incubated
a
further
30
minutes
at
50°C.
After
cooling,
5
ml
cyclohexane
was
added
and
the
tubes
were
shaken
for
5
minutes.
The
water
phase
was
drawn
off,
the
cyclohexane
was
transferred
to
a
cuvette
and
the
fluorescence
was
measured
(Levesque
and
Vendetta,
1971).
Arsenic
was
analyzed
by
the
Ontario
Ministry
of
the
Environment
Laboratories
(MOE).
Flameless
atomic
absorption
was
employed
after
arsine
generation
from
a
nitric-sulphuric
acid
digest
of
the
samples.
Extractable
metal
concentrations
were
determined
on
DTPA
extracts
of
the
soils
and
sediments
(Lindsay
and
Norvell,
1969).
10
g
soil
or
sediment
was
shaken
with
20
ml
0.005
E_DTPA
(diethylene
triamine
pentacetic
acid),
0.01
g
CaClz
and
0.1
ﬂ
triethanolamine
at
pH
7.3.
After
filtering
the
suspension,
Cd,
Cu,
Ni,
Pb,
and
Zn
were
measured
by
atomic
absorption
spectroscopy
directly
on
the
filtrate.
For
the
extraction
of
fulvic
and
humic
acids,
300
grams
of
air
dried
sediment
were
placed
in
a
4
l
beaker
and
0.1
N
HCl
was
added
to
decompose
the
carbonates
which
may
interfere
with
the
extraction
of
§
organic
matter.
Once
the
evolution
of
C02
stopped,
the
sediments
were
‘
centrifuged,
washed
twice
in
distilled
water
and
centrifuged
again.
Washed
sediments
were
placed
in
a
narrow
necked
polypropylene
flask
and
3
l
0.5
N
NaOH
was
added.
The
air
in
the
flask
and
samples
was
displaced
by
nitrogen
and
samples
were
left
to
stand
for
24
hours
with
intermittent
shaking.
Samples
were
centrifuged
at
2,000
rpm
for
30
minutes
and
the
supernatant
was
retained.
The
pH
of
the
supernatant
was
adjusted
to
pH
2
by
the
addition
of
6
N
HCl,
and
the
solution
was
allowed
to
flocculate
for
24
hours.
The
solution
was
centrifuged
and
the
supernatant
(fulvic
acid)
was
freezedried
separately
from
the
residue
(humic
acid).
At
that
point
the
HA's
still
had
very
high
ash
contents.
To
lower
the
ash,
HA's
were
shaken
for
24
h
with
an
aqueous
solution
containing
0.5%
(w/v)
HCl
+
0.5%
(w/v)
HF.
Following
this
treatment,
the
residues
were
centrifuged,
washed
free
of
Cl'
and
freeze-dried.
Sediment
FA
fractions
contained
large
quantities
of
NaCl
crystals
resulting
from
the
neutralization
of
NaOH
with
HC1;
the
lower
the
organic
content
of
the
sediments,
the
higher
was
the
NaCl
content
of
the
FA
fractions.
After
freeze
drying,
the
sediment
FA's
were
dissolved
in
 about 500 ml distilled water, transferred to seamless dialyzing tubing
and dialyzed against distilled water until no further Cl‘ was detected
by AgNO3. This treatment lowered both FA yields and ash contents.
HA's and FA's were extracted from surface soil samples in the same
manner except that the treatment to reduce carbonates was omitted.
Moisture and ash were determined on all samples by drying for 24
hours at 105°C and heating for 4 hours at 750°C respectively. The
samples were also analysed for carbon and hydrogen by dry combustion,
nitrogen by Dumas method, sulphur by oxygen flask combustion and oxygen
by difference.
Total acidity, total carboxyl groups, total phenolic OH groups and
E4/E6 ratios were determined on the samples when sufficient material was
available (Schnitzer 1972). For total acidity 50 mg samples were equili-
brated with 20 ml 0.185 N Ba(OH)2 under nitrogen for 24 hours. Excess
Ba(OH)2 was back titrated to pH 8.4 with 0.35 N HCl to determine the
concentration of dissociable protons on the humic acids.
The procedure for total carboxylic groups involved equilibrating 50
mg sample with 50 ml 0.2 N (CH3COO)2Ca under nitrogen for 24 hours. The
supernatant was back titrated to pH 9.8 with 0.1 N NaOH to determine the
concentration of carboxylic acid groups.
Total phenolic - OH groups were attributed to the difference between
total acidity and total carboxylic groups.
Visible light spectra were examined by the E4/E6 ratios. 1.0 g of
sample was dissolved in 10 ml of 0.05 N NaHCO3 and optical densities were
measured at 465 and 665 nm on a Spectronic 20 spectrophotometer.
Infra
red spectra (4000 to 800 cm'l) of 1 mg of material in 400 mg KBr pellets
were run on the samples (Schnitzer 1972).
Total metal concentration of the extracted HA's and FA's were
analyzed as described for soils and sediments.
Suspended sediments were obtained from the mouths of the six agricul—
tural watersheds during 1976.
Twenty liter
carboys of each sample were
shipped to Ottawa for analysis.
Six liters of water were freeze dried
after the water was thoroughly mixed.
This sample was designated as total
sediment.
An additional 6 l was centrifuged at 2000 rpm for 30 minutes
to remove the large particles,
and then the supernatant was passed
through a .45u filter.
The filtrate
(particle size <.45u) was freeze
dried and was designated dissolved (<.45u).
The residue on the filters
and the centrifuged particles were combined,
freeze-dried and were des-
ignated particulate (<.45p).
After
freeze
drying,
the
samples
were
analyzed
for moisture,
ash,
total
and organic
carbon,
total
nitrogen,
total
suphur and
total
concentrations
of
Al,
Cd,
Cr,
Cu,
Fe,
Mn,
Ni,
Pb,
Se,
and
Zn
by
the
methods
previously
described.
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 TABLE 2.
EXTRACTION SCHEME FOR METAL FORMS
METAL SEDIMENT: EXTRACTANT EXTRACTANT
FORM RATIO
SOLUBLE 1:5 Dearated doub1e
disti11ed water
EXCHANGEABLE 1:5 1N MgC12 pH 7
CARBONATE 1:25 1M HOAc
MANGANESE OXIDES 1:25 0.1M NH 0H.HC1
in 0.01M HNo3
ORGANIC 1:25 30% H202 and 0.1M HNO3
IRON OXIDES 1:25 1.0M NH 0H.HC1
in 25% EN03
CRYSTALLINE 1:50 HF, HC104, and HNO3
11
 The remaining 8 l of suspended sediments were used for the isolation
of organic materials from water. Suspended and dissolved humic material
were precipitatedby adding an excess of Pb(NO3)2 and the resulting lead
humates were separated by centrifugation at 2000 rpm for 15 minutes.
Lead humates were collected and composited for each watershed during the
1976 sampling season.
To remove the lead, the lead humates were suspended in distilled
water, an excess of sodium sulphide was added and the pH was lowered to
9 with HCl. After stirring for 1 hr, the lead sulphide formed was
filtered and the pH of the filtrate was adjusted to l with HCl. Nitrogen
was bubbled through the solution to remove excess H28. Any precipitated
sulphur compounds were filtered off and the clear filtrate was freeze
dried.
After drying, the humate was dissolved in 50.ml of isopropanol and
20 ml of distilled water. Any precipitate was removed by centrifugation
and the supernatant was dried on a rotary evaporator. This was repeated
several times until no further sulphur precipitated.
The humates obtained
from the watersheds (when sufficient sample was available) were treated
similarly to FA's extracted from soils and bottom sediments.
Particulate samples obtained by centrifugation during the 1977
spring runoff were freeze dried, and then analyzed for the same elements
as the 1976 suspended sediment samples.
Water samples obtained before
and after centrifugation were analyzed for suspended solids and total
metals by MOE laboratories.
A composite of the bottom sediments collected from each watershed
was used to examine the forms of metals in bottom sediments.
Modifications
of the methods of Gupta and Chen (1975) and Gibbs (1973) were used.
The sequence of extractants to differentiate soluble, extractable,
carbonate bound, manganese oxide bound,
iron oxide bound and organically
bound metals
is listed
in Table
2.
Only Cd,
Cu, Ni, Pb and Zn were
examined.
Each sample was
sequentially extracted with each of the 6
extractants.
The samples were washed with distilled water and centrifuged
between extractions.
To examine the fate of metals applied to these watersheds,
A horizon
soils and
bottom
sediments
from watershed
1
(Big Creek)
and watershed
4
(Canagagique
Creek)
were
incubated
with
the
following,
either
singly
or
in combination:
100
ppm
P;
5 ppm
Cd;
250
ppm
Zn;
100
ppm or
250 ppm
Cu;
100
ppm or
250
ppm Ni;
100
ppm or
250
ppm
Pb.
Samples
were
incubated
with
P
for
4 weeks,
and
then
with
metals
for
a
further
6 weeks.
Controls,
with
no
additions,
were
included
in each
step.
Soils were
incubated
at
approximately
80%
field
capacity
while
bottom
sediments
were
covered
with
1
cm
of
water.
After
10
weeks,
samples
were
dried
and
sieved
through
a
2
mm
plastic
sieve.
These
samples
underwent
the
series
of
extractions previously mentioned.
12
 Bulk
fertilizers
stocks
used
to
blend
fertilizer1nixtures
for
use
in
Essex
county
were
sampled
from
local
distributors
for
metal
content.
The
samples
were
collected
in
paper
envelopes,
and
duplicate
one
gram
samples
were
digested
in
10
ml
2
N
HCl
until
boiling.
The
samples
were
cooled,
filtered
through
No.
42
Whatman
paper
and
the
residue
was
leached
with
2
N
HCl
to
give
a
final
volume
of
25
ml.
An
IL
250
atomic
absorption
spectrophotometer
was
used
for
quantification.
l3
 EXPERIMENTAL RESULTS
 
Soils
A pedological description of the soils found in the six agricultural
watersheds has been prepared by Project 7 (Acton et al., 1978).
The
mineralogical aspects of these soils are presented in Project 8 (Wall,
1978).
The emphasis in this report has been placed on trace element
analyses in these watersheds.
Total Trace Element Concentrations
The total concentrations of Al, As, Cd,
Cr, Cu, Fe, Hg, Mn, Ni, Pb,
Se,
Zn,
as well
as
total nitrogen,
phosphorus,
carbon,
organic
carbon,
pH,
clay,
organic matter
and carbonates
are
given
in Appendix Table
4
for
each soil
sampled.
The
division of
soil
sites
into
luvisols,
gleysols
and brunisols
is
given
in Appendix Table
2.
The
percentage
of each
watershed
represented
by
each
soil
series
is
given
in Appendix Table
3.
The average
metal
values
for
all
the
soils
sampled
in
Southern Ontario
are
given
in
Table
3.
The
weighted
average
values
for
each
watershed
for
each
horizon
are
given
in
Table
4.
The
mean
concentration
of
As
in
the
soils
studied
was
4.7i2.3
ppm
for
the
A
horizon,
6.3i4.4
ppm
for
the
B
horizon
and
4.4i2.7
ppm
for
the
C
horizon.
These
values
are
within
the
range
reported
by
Frank
et_
al:
(1976)
as
average
for
Southern
Ontario
Soils.
Ranking
the
watersheds
for
decreasing
concentrations
of
As
gave
the
following
(Figure
l):
A HORIZON 10 > 1 > 13 > 5
B HORIZON 10 > 13 > 5 > 3
C HORIZON 13 > 1 > 10 > 3
H
V
v
c
~
h
a
u
v
v
v
U
I
D
~
b
The
average
concentration
of
Cd
in
Southern
Ontario
soils
could
not
be
calculated
from
our
results
as
the
majority
of
values
were
below
the
limit
of
detection
(0.3
ppm).
The
Cd
values
were
up
to
1.0
ppm
on
some
of
the
soils
with
a
high
clay
content.
Frank
gt_§l,
(1976)
reported
0.56
$0.69
ppm
as
average
for
Southern
Ontario
soils.
The
mean
concentration
of
Cr
in
the
soils
studied
was
51.5:17.l
ppm
for
the
A
horizon,
54.7:17.6
for
the
B
horizon,
and
49.6iZl.9
ppm
for
the
C
horizon.
These
values
were
higher
than
those
reported
by
Frank
§£.§l.
(1976)
as
normal
for
Ontario
soils
-
l4.3i8.5
-
but
some
of
the
difference
is
due
to
the
mild
digestion
technique
of
Frank
g;
gl.
Ranking
the
water—
sheds
for
decreasing
concentrations
of
Cr
gave
the
following
(Figure
2):
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 TABLE 3.
AVERAGE ELEMENTAL COMPOSITION FOR SOILS IN AGRICULTURAL
WATERSHEDS OF SOUTHERN ONTARIO
ARSENIC (PPm)
CADMIUM (ppm)
CHROMIUM (ppm)
COPPER (ppm)
MERCURY (ppb)
MANGANESE (ppm)
NICKEL (ppm)
LEAD (ppm)
SELENIUM (ppm)
ZINC (ppm)
ALUMINUM (Z)
IRON (Z)
CARBON (Z)
ORGANIC MATTER (Z)
NITROGEN (Z)
PHOSPHORUS (ppm)
CLAY (Z)
pH
* egg?“ aveszs $32;0W C?)
A HORIZON
4.7i2.3
(2.0-13.0)
*
(1.0-0.1W)
51.5:17.l
(26.2—76.4)
17.3:6.2
(11.3-28.8)
47i18
(12—100)
557.7:273.4
(242.2—905.5)
l9.4:6.2
(10.2—28.8)
22.5i4.2
(16.7—28.9)
0.35:0.11
(0.23—0.49)
84.3:23.5
(50.2—121.2)
5.85il.00
(4.34-7.08)
2.78il.15
(1.57—4.88)
2.33il.02
(0.90-3.75)
3.02il.80
(0.16—9.44)
0.20:0.10
(0.01-0.38)
657i277
(66—2709)
l9.6ilO.2
(5.3—39.0)
6.6i0.6
(5.2-7.6)
¥Cﬁe¥8lﬁ8m
B HORIZON
6.3t4.4
(1-2—20.0)
*
(1.7—0.1W)
54.7:17.6
(29.7-82.5)
25.5i3.9
(20.3-31.2)
36:16
(6—68)
625.4i133.2
(485.1—826.9)
30.9i9.6
(18.4—42.0)
l9.7:3.2
(14.1—23.2)
0.18i0.06
(0.11—0.25)
83.7:20.7
(51.0—93.6)
6.50:0.86
(4.97-7.52)
3.22:0.72
(2.19—4.41)
0.72:0.30
(0.23—1.16)
0.66i0.50
(0.00—2.33)
0.06:0.02
(0.01—0.10)
457:224
(143-1058)
32.1i15.7
(l.7-58.l)
7.210.6
(5.1-7.6)
C HORIZON
4.4:2.7
(1.0-12.0)
*
(1.0—0.1W)
49.6i21.9
(24.4-78.9)
24.3t7.2
(20.4—35.2)
20:11
(1-94)
528.9i69.9
(432.7—563.5)
25.8i11.8
(12.4-46.2)
l7.6:4.3
(13.1—24.9)
0.14:0.11
(0.06—0.36)
69.4:23.l
(43.0—103.4)
5.50:1.28
(4.06-7.12)
2.73:0.83
(1.90—3.78)
3.50:1.13
(2.20-5.15)
0.37:0.25
(0.08—1.03)
0.03:0.02
(0.01-0.07)
465i105
(175—653)
26.7:13.5
(2.0-57.2)
7.5i0.2
(7.1—8.0)
 TABLE 4. WEIGHTED** AVERAGE
WATERSHED
ARSENIC (ppm)
CADMIUM (ppm)
CHROMIUM (ppm)
COPPER (ppm)
MERCURY (ppb)
MANGANESE (ppm)
NICKEL (ppm)
LEAD (ppm)
SELENIUM (ppm)
ZINC (ppm)
ALUMINUM (7.)
IRON (Z)
CARBON (Z)
ORGANIC MATTER (z)
NITROGEN (Z)
PHOSPHORUS (ppm)
CLAY (Z)
pH
cannot average since va1ues be10w criteria of detection
** weighted with respect to areas occupied by different soils of each watershed.
AGl
63.
24.
40
266.
28.
24.
120.
645
30.
6.
ELEMENTAL CONCENTRATIONS OF SOILS IN EACH AGRICULTURAL
.62
.38
.69
.56
.22
5
5
AG3
80.
26.
81
686.
29.
25.
98.
739
33.
7
.41
.92
.95
.28
.29
.4
16
A HORIZON
AG4 AG5
3.8 4.4
k *
51.7 49.3
18.5 16.0
52 50
889.5 807.5
19.0 16.7
21.3 22.1
0.32 0.30
75.0 84.9
5.78 5.86
2.71 2.61
2.78 2.63
4.3 4.2
0.24 0.26
550 978
23.5 19.2
6.7 6.8
AGlO
6.
62.
16.
44
2535.
22.
29.
125.
1668
36.
8
.42
.10
.03
.24
.24
AG13
5.4
26.0
13.2
29
307.3
21.3
53.7
1.42
810
8.0
6.2
TABLE 4 (cont ' d)
B HORIZON
AGI
AG3
AG4
AG5
AG10
AG13
ARSENIC
(ppm)
4.1
4.5
3.9
4.6
6.3
4.9
CADMIUM
(ppm)
1.0
*
*
*
*
*
CHROMIUM
(ppm)
79.4
64.9
44.4
46.9
83.0
26.6
COPPER
(ppm)
35.6
26.8
21.6
23.4
31.9
27.2
MERCURY
(ppb)
38
32
43
37
32
28
MANGANESE
(ppm)
640.8
580.8
704.9
743.7
575.0
703.8
NICKEL
(ppm)
57.8
37.3
24.6
23.7
42.6
24.1
LEAD
(ppm)
20.4
21.4
16.9
18.8
23.3
18.5
SELENIUM
(ppm)
0.35
0.19
0.09
0.12
0.22
0.13
ZINC
(ppm)
120.8
82.9
68.9
71.1
115.4
68.7
ALUMINUM
(Z)
8.10
6.93
5.82
6.42
7.46
5.54
IRON
(Z)
4.07
3.22
3.08
3.25
4.44
2.71
CARBON
(Z)
0.69
1.07
0.64
0.96
0.77
0.25
ORGANIC
MATTER
(Z)
0.60
0.82
1.15
0.53
1.54
0.18
NITROGEN
(Z)
0.07
0.06
0.06
0.04
0.09
0.02
PHOSPHORUS
(ppm)
336
551
522
660
608
349
CLAY
(Z)
44.0
42.2
34.3
20.8
48.5
18.2
pH
7.4
7.5
6.5
6.8
6.9
6.7
*
cannot
average
since
va1ues
be1ow
criteria
of
detection
l7
 
  
TABLE 4 (cont'd)
ARSENIC (ppm)
CADMIUM (ppm)
CHROMIUM (ppm)
COPPER (ppm)
MERCURY (ppb)
MANGANESE (ppm)
NICKEL (ppm)
LEAD (ppm)
SELENIUM (ppm)
ZINC (ppm)
ALUMINUM (7.)
IRON (Z)
CARBON (Z)
ORGANIC MATTER (Z)
NITROGEN (Z)
Pmmmmmm @mw
CLAY (Z)
pH
* cannot average since values below criteria Of detection
AGl AG3
6.8 3.4
* *
78.3 55.7
32.7 21.4
28 36
510.1 508.2
44.1 20.2
17.2 16.2
0.41 0.12
103.7 57.0
6.90 4.47
3.48 2.24
2.66 5.16
0.81 0.42
0.06 0.04
338 434
39.9 30.4
7.5 7.7
C HORIZON
AG4 AG5
3.4 2.7
* *
37.9 26.2
20.1 15.6
15 8
632.9 525.1
19.3 12.8
15.1 13.3
0.11 0.05
59.4 42.4
5.89 4.14
2.83 1.81
3.71 4.35
0.25 0.18
0.03 0.01
508 430
27.4 10.6
6.9 7.5
18
AG10
5.
70.
30.
19
540.
30.
18.
86.
597
57.
7.
3
.09
.08
.75
.27
.26
.06
7
AG13
7
38.
25.
25
424.
21.
13.
65.
465
17.
7
.8
.09
.39
.38
.86
.29
.03
.5
AHORIZON
3
>
1
>
10
>
4
>
5
>
13
B
HORIZON
10
>
1
>
3
>
5
>
4
>
13
C
HORIZON
1
>
10
>
3
>
13
>
4
>
5
The
average
concentration
of
Cu
in
the
soils
studied
was
l7.3i6.2
ppm
in
the
A
horizon,
25.5i3.9
ppm
in
the
B
horizon
and
24.3i7.2
ppm
in
the
C
horizon.
F
r
a
n
k
§£_§l.
(1976)
r
e
p
o
r
t
e
d
2
5
.
4
i
2
1
.
5
p
p
m
for
a
g
r
i
c
ul
t
ur
a
l
soils.
R
a
n
k
i
n
g
the
wa
t
e
r
s
h
e
d
s
for
d
e
c
r
e
a
s
i
n
g
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
Cu
gave
the
following
(Figure
3):
A
H
O
R
I
Z
O
N
3
>
1
>
4
>
10
>
5
>
13
B
H
O
R
I
Z
O
N
l
>
10
>
13
>
3
>
5
>
4
C
H
O
R
I
Z
O
N
l
>
1
0
>
13
>
3
>
4
>
5
The
a
ve
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
Hg
in
the
soils
s
t
ud
i
e
d
wa
s
47i18
ppb
for
the
A
horizon,
36il6
ppb
for
the
B
h
o
r
i
z
o
n
and
ZOill
ppb
for
the
C
horizon.
F
r
a
n
k
3
;
al,
(1976)
d
e
t
e
r
m
i
n
e
d
O
.
l
l
i
0
.
l
8
p
p
m
as
a
ve
r
a
g
e
for
S
o
ut
h
e
r
n
Ontario.
R
a
n
k
i
n
g
the
wa
t
e
r
s
h
e
d
s
in
d
e
c
r
e
a
s
i
n
g
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
H
g
g
a
v
e
t
h
e
f
o
l
l
o
w
i
n
g
(
F
i
g
u
r
e
4):
A
H
O
R
I
Z
O
N
3
>
4
>
5
>
1
0
>
1
>
1
3
B
H
O
R
I
Z
O
N
4
>
1
>
5
>
3
=
1
0
>
1
3
C
H
O
R
I
Z
O
N
3
>
1
>
13
>
1
0
>
4
>
5
T
h
e
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
M
n
in
t
h
e
s
o
i
l
s
s
t
u
d
i
e
d
w
a
s
5
5
7
i
2
7
3
.
4
p
p
m
in
the
A
h
o
r
i
z
o
n
,
6
2
5
.
4
i
1
3
3
.
2
p
p
m
in
t
h
e
B
h
o
r
i
z
o
n
a
n
d
5
2
8
.
9
:
6
9
.
9
p
p
m
in
the
C
h
o
r
i
z
o
n
.
T
h
e
s
e
a
r
e
w
i
t
h
i
n
the
a
v
e
r
a
g
e
r
e
p
o
r
t
e
d
b
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 A HORIZON 10 > 3 > 1 > 5 > 3 = 13
B HORIZON 10 > 3 > 1 > 5 > 13 > 4
C HORIZON 10 > 1 > 3 > 4 > 13 > 5
The average concentration of Se in the soils studied was 0.3SiO.ll
ppm in the A horizon, 0.18i0.06 in the B horizon and 0.14:0.11 ppm in the
C horizon.
Selenium showed this pattern of high surface concentrations
in 21 of the 24 soils.
Ranking the watersheds in decreasing order of Se
concentration gave the following (Figure 8):
A HORIZON l > 10 > 3 > 4 = 13 > 5
B HORIZON l > 10 > 3 > 13 > 5 > 4
C HORIZON l > 3 > 4 > 10 = 13 > 5
The average concentrations of Zn in the soils studied was 84.3i23.5
ppm for the A horizon, 83.7:20.7 for the B horizon and 69.4i23.l for the
C horizon.
Frank et
a1.
(1976)
reported
53.5:34.3
ppm
Zn in Ontario
soils.
Ranking the-watersheds
in decreasing order of Zn concentration
gave the following (Figure 9):
A
HORIZON
10
>
1
>
3
>
5
>
4
>
13
B
HORIZON
1
>
10
>
3
>
5
>
4
>
13
C HORIZON 1 > 10 > 13 > 4 > 3 > 5
The average
concentration
of Al
in
the
soils
studied was
5.85i1.00Z
for
the
A
horizon,
6.50i0.86%
for
the
B
horizon
and
5.50:1.282
for
the
C
horizon.
Ranking
the watersheds
in
decreasing
concentrations
of Al
gave
the following:
A
HORIZON
10
>
3
>
1
>
5
>
4
>
13
B
HORIZON
1
>
10
>
3
>
5
>
4
>
13
C
HORIZON
10
>
1
>
4
>
13
>
5
>
3
The
average
concentration
of
Fe
in
the
soils
studied
was
2.78il.15Z
in
the
A
horizon,
3.22:0.722
in
the
B
horizon
and
2.73:0.832
for
the
C
horizon.
Frank
et
a1.
(1976)
reported
the
mean
Fe
values
of
1.45:0.762,
which
were
not
tOEaI_values
due
to
the
extraction
procedure.
Ranking
the
watersheds
in
decreasing
concentration
of
Fe
gave
the
following:
A
HORIZON
10
>
3
>
4
>
1
>
5
>
13
B
HORIZON
10
>
1
>
5
>
3
>
4
>
13
C
HORIZON
10
>
1
>
4
>
13
>
3
>
5
Ranking
the
watersheds
in
decreasing
quantities
of
clay
gave
the
following (Figure 10):
A HORIZON 10 > 3 > 1 > 4 > 5
B HORIZON 10 > 1 > 3 > 4 > 5
C HORIZON 10 > 1 > 3 > 4 > 1
20
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Carbon, nitrogen, phosphorus and organic matter of each soil were
more site specific;
average soil values and weighted watershed soil averages
are
given
in Tables
3 and
4.
Carbon and
organic matter were
highest
in
the
surface
horizon
but
the
carbon,
due
to
carbonates,
was
also
often
high
in
the
C horizon.
Total nitrogen
and phosphorus
were
usually
highest
in
the
surface
soils
reflecting
the
higher
organic
matter
in
that
horizon;
however, in
watershed
10,
the
P
values
were
highest
in
the
C
horizon,
perhaps
due
to
increased
natural
phosphorus
in
this
watershed.
Correlation
coefficients
for
trace
metals
and
nutrients
with
clay,
organic
matter,
carbonates,
Al,
Fe
and
Mn
are
given
in
Appendix
Table
5
for
Ap
horizons.
Correlation
coefficients
for
the
individual
gleysols
and
luvisols
for
each
horizon
are
given
in
Appendix
Tables
6
and
7.
The
soil
order
of
each
soil
site
are
given
in
Appendix
Table
2.
Aluminum
and
iron
correlated
positively
with
clay;
85%
of
the
aluminum
and
53%
of
the
iron
variation
is
accounted
for
by
the
clay
content.
Mn
was
not correlated
with
clay.
It
was
anticipated
that
hydrous
oxides
of
Al,
Fe
and
Mn
as
coatings
on
clays,
as
well
as
part
of
the
clay
composition,
would
be
more
strongly
correlated.
The
correlation
of
Al
and
Fe
accounted
for
64%
of
the
variation
while
Mn
and
Fe
accounted
for
65%
of
the
variation.
However
Mn
and
Al
were
poorly
correlated
(14%).
Therefore,
it
could
be
expected
that
properties
that
correlated
with
clays
would
also
correlate
with
Al
and
Fe.
These
included
the
metals
Cr
(particularly
with
A1
67%),
Ni
(71%),
Pb
(particularly
with
Fe
53%)
and
Zn
(particularly
with
Fe
65%).
Organic
matter
correlated
positively
with
total
carbon
(31%)
and
total
nitrogen
(79%),
although
total
nitrogen
also
showed
49%
of
variation
explained
by
Al.
Copper
(45%),
and
Hg
(77%)
showed
positive
correlations
with organic matter.
Total
phosphorus
was
positively
correlated
with
total
Mn
(64%).
DTPA Extractable Metals
 
The
DTPA
extraction
method
is
a
measure
of
the
availability
of
metals
in
soils
for
plant
growth.
Since
root
growth
is
most
active
in
the
A
horizon
and
organic
matter
is
highest
in
the
A
horizon,
the
highest
metal
availabilities
are
usually
found
in
the
A
horizon.
The
DTPA
extracts
of
the
soils
from
the
6
agricultural
watersheds
follow
this
pattern
of
higher
availability
in
the
A
horizon
than
the
B
or
C
horizons
(Appendix
Table 8).
Approximately
5.5%
of
the
total
Cu
in
the
A
horizons
was
extracted
by
DTPA.
The
gleysolic
soils
had
7.4%
DTPA
extractable
Cu
while
the
brunisolic
and
luvisolic
soils
had
about
5%.
Only
2.1%
of
the
total
Ni
was
DTPA
extractable,
with
a
slightly
higher
amount
from
the
gleysols
(2.8%).
Approximately
5.5%
of
the
total
Pb
in
the
Ap
horizon
was
extracted
by DTPA.
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l
2
AVERAGE
CHEMICAL
COMPOSITION
AND
FUNCTIONAL
GROUP
ANALYSIS
OF
HA's
AND
FA's
EXTRACTED
FROM
WATERSHED
SOILS
AND
SEDIMENTS
c
H
N
s
o
E4/E6
Total
Total
Total
%
%
%
Z
%
Acidity
Carboxyl
Phenol
meq/g
meq/g
meq/g
1
Soil
HA's
52.9
6.2
3.6
0.9
36.4
4.5
9.3
5.0
4.3
Sediment
HA's-l
56.0
6.7
5.7
2.7
28.9
3.8
6.8
2.9
3.9
1
Ideal
HA's
56.2
4.7
3.2
0.8
35.5
4.8
6.7
3.6
3.9
2
Soil
FA's
44.7
6.5
3.7
1.6
43.5
5.1
12.2
6.5
5.7
2
Sediment
FA'S
38.7
6.3
4.4
1.3
49.6
4.4
8.1
2.5
5.6
2
Suspended
FA's
40.9
4.9
1.5
7.8
44.9
2
Ideal
FA's
**
45.7
5.4
2.1
1.9
44.8
9.6
10.3
8.2
3.0
-
)
<
7
‘
<
.
1
.
n
e
*
Insufficient
sample
HA
—
Humic
Acid
** from Schnitze
r (1977)
FA - Fulvic Acid
 
The range of the extractable Pb was greater among the soil orders —
brunisols had 9.4%, gleysols had 6.9% and luvisols had 4.3% of the total
Pb extractable. Only 1.5% of the Zn was extractable with DTPAwith very
little difference between the soil groups.
There was no strong correlations between DTPA extractable metal and
clay, organic matter, Al, Fe or pH, although clay gave significant corre-
lations (r=+0.54 for Cu, r=+0.57 for Ni) (Appendix Table 9). Similarly,
the correlations between DTPA extractable metal and total metal were
r=+0.69 for Cu, r=+0.54 for Ni, r=+0.05 for Pb and r=+0.48 for Zn.
Humic Substances
The general characteristics of the soils from which humic substances
were extractedare given in Appendix Table 10. Their characteristics are
similar to those soils previously discussed (Appendix Table 4). The
extraction efficiency can be calculated from the organic matter content
of the soils. Thus, the organic matter content of the soils analyzed
ranged from 21.4 to 50.5 g/kg. Extracted and purified HA's accounted
for between 6.0% (watershed 10) and 36.5% (watershed 1) of the initial
organic matter, whereas extracted and purified FA's constituted between
3.3% (watershed 10) and 19.9% (watershed 5) of the original soil organic
matter.
Percentages of the initial organic matter extracted as HA's +
FA's were as follows: watershed l — 52.4%; watershed 3 - 20.2%; water—
shed 4 — 36.8%; watershed 5 — 55.8%; watershed 10 — 9.3% and watershed
l3 - 41.1%.
Table 5 contains the average elemental composition and functional
group analyses of HA's and FA's extracted from watershed soils and "ideal"
HA and FA.
The elemental composition of the soil HA's from the 6 watersheds is
shown in Appendix Table 11. The widest variations were in C (47.9—56.0%)
and 0 (33.6%—39.8%) contents. When the C analysis for soil was omitted,
the average %C for the soils HA's analyzed increased to 53.5%. Data for
the remaining elements were relatively uniform. Average elementary analyses
for the 6 HA's were similar to those of an "ideal" HA, which is the
composite of numerous analyses done on large numbers of HA's extracted
from soils occurring under widely differing climatic and geologic condi—
tions.
The elementary composition of the soil FA's resembled that of the
"ideal" soil FA (Appendix Table 12).
Data for major oxygen—containing functional groups in the HA's and
FA's extracted from the soils in the watersheds are also shown in
Appendix Tables 11 and 12. Averages for total acidity, carboxyls,
phenolic hydroxyls and E4/E6 ratios for HA's were close to similar data
for the "ideal" soil—HA.
Similar observations were made on the FA's,
except for E4/E6 ratios, which were appreciably lower than those for the
"ideal" soil FA but were close to the E4/E6 ratio for the "ideal" soil-HA.
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The
data
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ente
d he
rein
, s
how
that
sedi
ment
HA's
and
FA's
have
the
same
"building blocks" as soil humic substances. Weight ratios of benzene—
carboxylic to phenolic acids, which maybe considered to reflect the
interrelationship between major "building blocks", are also listed in
Table 6. The ratios ranged from 2.2 (for soil HA's) to 5.9 (for suspended
sediments). From the data in Table 6 the aromaticity of each set of
HA's and FA's was approximated by expressing yields of phenolic + ben-
zenecarboxylic acids as percentages of total yields. Because dialkyl
phthalates were not considered structural components, the yields of
dialkyl phthalates were subtracted from total yields for the purpose of
estimating aromaticities. As shown in Table 6, the aromaticity of the
organic matter from the suspended sediments was similar to that of soil
HA's, whereas aromaticities of bottom sediment HA's and FA's were lower
than those of soil HA's and FA's. Another point of interest is the
isolation of relatively large amounts of dialkyl phthalates from bottom
sediment HA's and FA's. It is possible that the dialkyl phthalates
were environmental contaminants (Schnitzer and Khan, 1972).
The main infrared (IR) absorption bands of soil- and sediment-HA'S
and -FA's were in the regions of 3400 cm"1 (hydrogen—bonded OH), 2960-
2850 cm-1 (aliphatic C-H stretch), 1730-1715 cm“1 (C=0 of COZH, C=0 of
Ketonic carbgnyl), 1620 cm‘1 (aromatic C=C, COO', hydrogen—bonded C=O)
and 1050 cm' (Si—O of silicates). Smaller bands were visible near 1520
cm"1 (aromatic C=C), 1440 cm"1 (CH2), 1400 cm“1 (COO'), 1230 cm"1 (OH
or C—O stretch), 800, 670-660, 570, 530 and 470 cm’l, most likely due
to Si—O valence and deformation vibrations and to the presence of iron
oxides (Kodama et al., 1977) and aluminum oxides.
IR spectra of watershed soil HA's showed a preponderance of 0H and
C00‘ and, to a lesser extent, of COZH group as well as of aliphatic CH2
groups and silicates (Si-0). IR spectra of watershed soil FA's indicated
the presence of substantial concentrations of OH and COZH groups and of
silicates, which appeared to be strongly associated with the organic
matter.
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MAJOR COMPOUNDS (mg) PRODUCED BY THE KMnO4 OXIDATION OF 1.0 g
METHYLATED HUMIC MATERIAL
1
Soil
HA's
5
.
8
(5.6
- 7.8)
2
.
7
(0.9
"
1.0
(0.2 "
28.2
(3.1 -
61.2
(51.2 — 198.5)
4
.
8
(1.2
"
4
.
6
(0
.6
—
8.
6)
111.2
2.2
83.9
Bottom Sediment HA's
NA
(0
)
NA
(1.07)
N
A
(.1)
12
.4
(
3
.
2
—
2
9
.
9
)
4
3
.
9
(
6
.
8
~
1
0
6
.
0
)
1.9
(1.2
—
7.7)
29.5
(14.4
—
143.0)
87.7
3.5
75.4
excluding dialkyl phthalates
from total weights
NA - not averaged as only 1 or 2 values
_
2
8011 FA's
2.3
(0.2
-
5.9)
0.7
(0.3
-
2.6)
N
A
(1.3 - 4.4)
12.7
(3.1
-
29.5)
57.2
(27.1 - 84.9)
3.
0
(
0
.
8
-
1
0
.
3
)
4.3
(1.1 - 9.9)
78.7
4.
5
94.0
Bottom Sediment FA's
2
.
2
(1.0 - 4.2)
0.8
(0.3
-
1.2)
NA
(1
06
-
6.7
(
3
.
3
_
2
6
.
3
)
22.6
(7.5
-
70.6)
1.2
(0.5 "
3
6
.
7
(17.7 - 68.3)
7
0
.
2
2
.
5
67.5
1
HA
—
Humic
Acid
2
FA
—
Fulvic
Acid
2
Suspended Sediment
2.7
(1.0 — 7.7)
1
.
8
(0.6 - 4.0)
NA
(
0
)
7.4
(2.9
—
53.0)
4
4
.
0
(13.9 - 193.5)
4.2
(0.8
-
37.5)
5.5
(0.6
—
6
6
.
1
5.9
84.8
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The concentrations of metals associated with the extracted HA‘s and
FA's are also presented in Appendix Tables ll and 12. Iron and aluminum
are the major metals bound to the HA's and FA's, with much smaller quan-
tities of the trace elements.
Metal Variability Study
 
Mean values and standard deviations for total metal concentrations
in soil replicates are given in Appendix Table 13. The sites used in
this part of the study were the same as those reported in the first part
of the study and samples were collected at the same time. Values are
very similar to those reported in Appendix Table 4. From the standard
deviations and the means of each element for each set of replicates, it
is possible to calculate the number of replicate samples necessary to
maintain i102 precision. These values are reported in Table 7. Cr was
eliminated because there was an analytical problem due to digesting with
HClO4.
Al and Fe showed the least variation in the replicates, especially
in the A horizons. Mn, Pb and Zn showed smaller variation than Cu or
Ni. Watersheds 3 and 10 showed the least variation in the majority of
metals in the A and C horizons — the two watersheds which usually had
the highest metal concentrations. Soil B horizons are often zones of
accumulation and can be expected to be more variable. Watershed 4, with
lower metal values, showed the highest variation in most metals. It
appeared that the higher the quantity of metal in a soil horizon, the
lower the variability within the soil pit. It is obvious that each soil
reacts in its own manner and it may not be possible to draw more general
conclusions from these results. Our study involved at least 2 replicates
from each soil pit being analyzed for each value and this appears to be
adequate for most metals in most soils.
A part of the replication study was also designed to examine the
variability of trace metals within a soil by analyzing replicates from
different soil pits. Four sites at least one mile from each other were
sampled from Watershed 10. The number of sites required to maintain ilOZ
precision are shown in Table 8. The A horizon was much more variable
when the sites were separated by greater distances. Some of the variability
in Cu and Ni may be due to the low concentrations of these metals in the
surface soils. The metals in the B and C horizons have about the same
variability when the sites were separated by miles as the different sides
of the soil pits. Only Ni showed more variation.
Thus, it appears that 1-3 replicates are necessary from each soil
pit to maintain i102 precision but great care should be taken to choose
a representative soil site, and perhaps more than one site per soil series
should be sampled for trace metals.
Fertilizer Stocks
The total concentration of Cd, Co, Cr, Cu, Ni, Pb, Zn and Fe in fer-
tilizer used in watersheds l and 13 are presented in Appendix Table 14.
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 TABLE 7.
NUMBER
OF
REPLICATE
SOIL
SAMPLES
REQUIRED
TO
MAINTAIN
flOZ
PRECISION
VALUES
ARE
AVERAGES*
FOR
EACH
WATERSHED
Average for All
h
d
'
W
a
t
e
r
s
e
C
u
M
n
N
i
P
b
Z
n
A
1
F
e
s
e
v
e
n
(
7
)
M
e
t
a
l
s
(A Horizon)
 
1
1
2
1
2
1
1
1
2
3
1
1
1
1
1
1
1
1
4
6
2
2
2
2
1
1
3
5
1
2
1
2
2
1
1
2
10
1
3
1
1
1
1
1
2
13
2
2
2
2
2
2
2
2
Average
2
2
2
2
2
l
2
(B Horizon)
1
4
3
3
3
1
1
2
3
3
1
2
5
1
2
3
3
3
4
9
1
2
2
2
2
3
3
5
5
l
1
3
1
1
1
2
10
2
3
2
1
3
1
2
2
13
2
2
2
2
2
2
2
2
Average
4
2
3
2
2
2
3
(C Horizon)
1
1
4
1
3
1
2
2
2
3
1
1
5
1
1
1
1
2
4
3
3
7
4
4
5
5
5
5
2
1
2
2
2
1
1
2
10
1
1
2
1
1
1
1
2
13
2
2
2
2
2
2
2
2
Average
2
2
4
2
2
2
2
* Rounded to next highest sample
N
_
(t)2
X
(C.V.)2
X
10-4
t
=
confidence
limit
of
1.96
_
2
C.V.=
coefficient
of
variations
(p)
p
=
desired
precision
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+
NUMBER OF SITES REQUIRED TO MAINTAIN METAL LEVELS AT - 10% PRECISION
Watershed 10 - Haldimand clay sites (2, 3, 4 & 6)
Cu Mn Ni Pb
A Horizon
C.V. 29.7 85.4* 30.1 11.5
N 9 9 2
B Horizon
C.V. 6.7 8.5 28.4 12.0
N 1 1 8 2
C Horizon
C.V. 7.2 4.6 25.4 14.3
N 1 1 7 2
* Ferro-manganese nodules were present in some
giving a wide range of values.
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Zn A1
19.1 12.6
4 2
16.0 8.3
3 1
8.1 6.8
1 1
surface soils
Fe
 Detectable
amounts
of
all
metals
investigated were
found
principally
in fertilizer
containing
phosphorus.
Ammonium
nitrate,
potassium
sources
and
dolomite
contained
<2
ppm Co,
<7 ppm Ni
and
180—543
ppm Fe
and
traces
of
Cd,
Zn,
Cu and Dr.
All
fertilizers
contained
<3 ppm
Pb and no
detect-
able metal was found in urea.
The
fertilizers
which
contained phosphorus
had
2.8,
4 and
34
ppm Cu,
Co and Ni,
respectively
and
the
concentration
of
these
elements
appeared
not
to
increase
with
phosphorus
content
as
did
the
concentration
of Cd,
Zn
and
Fe.
0f
the
phosphorus
fertilizers,
triple
superphosphate
con—
tained
the highest
concentrations
of
Cd,
Cr and
Zn,
namely
9.3,
92
and
108
ppm respectively
and monoammonium
phosphate
contained
11,808 ppm
Fe.
As denoted by the standard error of the difference,
the metal content
of
fertilizers
of
the
same nutrient
analysis
from different
distributors
did
not differ
appreciably.
This
result
was
expected
since,
it was_
discussed later,
all distributors received their material from the same
outlet.
Variance
between distributors
in
the
analysis
of
the
fertilizers
is probably
due
to
differences
in lots
from the main
supplier.
Bottom Sediments
Total Metal Concentrations
 
The concentrations of total trace metals and nutrients in bottom
sediments are given in Appendix Table 15.
Average values for each of
the watersheds and values obtained by OMOE for the same watersheds are
also given.
There was no discernable seasonal pattern found in the bottom sedi—
ments collected in 1976.
Although there were great differences in metal
concentration between watersheds,
there was little fluctuation in con—
centrations within each watershed.
Total carbon, nitrogen, phosphorus,
clay, organic matter and carbonates were also generally consistent
within each watershed.
Ranking the watersheds in terms of decreasing concentration of
metal gave the following:
As 1 > 13 > 10 > 5 > 4 > 3
Cr 1 > 5 > 4 > 10 > 3 > 13
Cu 1 > 10 > 13 > 3 > 5 > 4
Hg 1 > 10 > 5 > 3 > 4 > 13
Mn 10 > 1 > 5 > 4 > 3 > 13
Ni 1 > 10 > 13 > 3 > 4 > 5
Pb 10 > 5 > 1 > 4 > 13 > 3
Se 1 > 3 > 5 > 13 > 4 > 10
Zn 10 > 1 > 13 > 5 > 4 = 3
A1 1 > 10 > 4 > 13 > 5 > 3
Fe 10 > 1 > 5 = 4 > 13 > 3
Clay 10 > 1 > 3 > 5 > 4 > 13
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DTPA Extractable Metal Concentrations
 
The DTPA extractable metal concentrations in bottom sediments are
presented in Appendix Table 17. The pattern for the DTPA extractable
metals was similar to that of total metals in bottom sediments — the var-
iation in extractable metals from within the watershed was small although
there was greater variation between the watersheds. Watershed 10 sediments
had the highest concentration of extractable metals.
Cd appeared to be the most extractable metal (up to 50% removed by
DTPA) but this may have been exaggerated bythe total metal values being
so close to the detection limit of the other metals. On the average, 13%
of the Cu, 10.8% of the Pb, 3.0% of the Zn and 2.1% of the Ni were DTPA
extractable. Except for Ni which was the same for soils and sediments,
the bottom sediment DTPA extractable concentrations of Cu, Pb and Zn were
double the DTPA extractable quantities found in soils.
The correlation coefficients for DTPA extractions of bottom sediments
are given in Appendix Table 18. There were no strong correlations between
DTPA extracted Cu, Ni, Pb or Zn and clay, organic matter, pH, total Al,
Fe, Cu, Ni, Pb or Zn.
Humic Substances
The chemical analyses of the bottom sediments from which humic sub-
stances were extracted are given in Appendix Table 19. The ultimate
analysis, functional group analysis and total metal concentrations are
given for HA's in Appendix Table 20 and for FA's in Appendix Table 21.
Average values for all these measurements for soil and sediment HA's and
FA's are recorded in Table 6.
4O
 The
bottom
sediments
were
similar
to
those
previously
described
from
Appendix
Table
15.
The
most
noticeable
difference
between
the
soils
and
sediments
was
the
low
organic
C
content,
and
subsequent
humic
yield,
from
the
bottom
sediments.
HA's
extracted
from
the
sediments
accounted
for
between
14.3%
(watershed
l) and
48.3%
(watershed
13)
of
the
initial
organic
matter,
whereas
FA's
constituted
between
22.2%
(watershed
5)
and
30.2%
(watershed
l)
of
the
original
sediment
organic
matter.
Between
44.4%
and
78.3%
of
the
initial
sediment
organic
matter
was
extracted
as
HA's
+
FA's.
The
bottom
sediment
HA's
tended
to
have
lower
C
and
higher
N
contents
than
either
the
ideal
HA's
or
the
watershed
soil
HA's.
The
functional
groups
were
about
the
same
as
ideal
soil
HA's,
but
slightly
less
carboxyl
groups than the soil HA's.
The
bottom
sediment
FA's
also
had
lower
C
and
higher
N
contents
than
FA's
from
soils.
The
carboxyl
content
of
the
FA's
extracted
from
bottom
sediments
was
lower
than
that
of
FA's
from
soils,
while
the
phenolic
hydroxyl
content
of
the
sediment
and
watershed
soil
FA's
was
similar
but
higher
than
that
of
the
ideal
soil
FA.
The
E4/E6
ratios
of
sediment
and
soil
FA's
were
lower
than
that
of
the
"ideal"
soil
FA.
These
last
two
phenomena
are
probably
related
to
the
relatively
high
ash
content
of
the
soil
and
sediment
HA's
and
FA's
which
consisted
mainly
of
silicates,
Fe
and
Al
and
which
we
were
unable
to
lower
with
the
procedures
that
we
used.
IR
spectra
of
HA's
and
FA's
extracted
from
the
sediments
were
very
similar
to
those
of
soil
HA's
and
FA's.
In
general,
the
IR
data
confirmed
the
information
provided
by
chemical
methods
in
that
they
showed
that
sediment
HA's
and
FA's
contained
appreciable
amounts
of
oxygen-containing
functional
groups
through
which
they
interacted
with
metal
ions,
metal
oxides
and
metal
hydroxides
to
form
stable
metal—organic
complexes.
Inter-
actions
of
the
humic
materials
with
silicates
were
also
indicated.
The
chemical
and
spectrophotometric
data
show
that
HA's
and
FA's
in
suspended
and
bottom
sediments
resemble
soil
HA's
and
FA's
in
surface
structural
features
and
in
ability
to
form
strong
metal—organic
complexes
and
to
interact
with
silicates.
Fractionation Experiment
 
Results
of
the
forms
of
metals
in
bottom
sediments
are
given
in
Appendix
Table
22
for
Cu,
Ni,
Pb
and
Zn.
Similar
analyses
for
Cd
were
performed
but
the
values
were
too
close
to
the
limits
of
detection
to
be
reliable.
A
number
of
extractants
were
tested
but
those
used
by
Gupta
and
Chen
(1975)
gave
the
most
consistent
results.
A
Summary
of
the
results
is given in Table 9.
Although
bottom
sediments
from
each
watershed
gave
different
concen-
trations
for
the
same
chemical
form,
there
were
consistent
patterns
for
each metal and their forms.
Only
Zn
had
any
detectable
water—soluble
component
and
this
may
have
been
a
combination
of
interstitial
water
and
H20
soluble
forms.
The
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 TABLE 9.
FORMS OF METALS IN BOTTOM SEDIMENTS*
TOTAL ppm
%
%
%
%
%
%
1
WATER SOLUBLE
EXCHANGEABLE
CARBONATE BOUND
MANGANESE OXIDE BOUND
ORGANICALLY BOUND
IRON OXIDE BOUND
CRYSTALLINE
* Average of 6 watersheds
Cu
22.8
2.2
10.6
15.2
15.5
22.1
34.4
42
Ni
23.4
0.6
3.3
14.3
17.8
64.2
 
Pb
23.9
1.2
21.9
24.5
4.9
47.5
10.1
11.7
14.1
16.8
49.1
 
 exchangeable concentrations were low for each metal.
The crystalline
accounted for about half the metal in each sample with Ni the highest in
the crystalline.
N0 Pb was detected in the Fe oxide fraction of any sample
and Ni was not found bound to Mn oxides.
In watersheds 4 and 5, neither
Cu nor Ni was found in the Fe oxide fraction. Pb was the lowest of all
the organically—bound materials but the highest for the carbonate asso-
ciated materials.
The carbonate co—precipitated metals formed a signifi—
cant proportion of each sample.
(It was anticipated that the mild acid
extractant may also be removing some of the hydrous oxide—bound materials).
Generally, 65% of the Cu, 50% of the Pb and Zn and 35% of the Ni
were in forms that under severe ecosystem stress could be liberated into
a readily useable form.
Presently, only the water soluble and exchange-
able are likely available to plant growth, but the carbonate-bound are
only loosely associated and may become available to organisms or bind more
tightly into the other forms.
The results of the experiment incubating the soils and sediments
with metals are given in Appendix Table 23.
Where the metal was added
to the sample either alone or with the other five (5) metals, only the
additional metal (i.e. 5, 100 or 250 ppm) is accounted for in the tables.
This enables one to see where the addition metal was bound.
Cd added to soils and sediments became associated with the exchange-
able form.
When the other metals were added, some of the Cd was also
present in the water soluble phase.
Once again, Cd values were near the
detection limits and other forms may have occurred but our instruments
were not sensitive enough to detect them.
Cu added to soils and sediments was more evenly distributed between
the different forms than Cd but this was probably due to the greater
concentrations of Cu added.
The percentages of each metal found in each
form were approximately the same whether 100 or 250 ppm Cu was added.
With the higher metal additions, some Cu also became water—soluble. When
the other five metals were added,
there was a shift to the tighter
binding groups as the weaker sites become filled.
One interesting ob—
servation was the carbonate association in the soils.
The free carbonates
in these soils were low and metals were not normally associated with
them but after incubation, a large proportion of metal co-precipitated
with the carbonates.
The sediments, however, had much higher percentages
of added metals associated with carbonates than the soils.
The same pattern was repeated for Ni, Pb and Zn: the co—precipitate
sites were filled first, and as the amount of added metal increased,
the
metals filled more tightly bound sites.
With the very high levels,
some
was not bound and appeared readily available as water soluble material.
Therefore, as small amounts of metal are added,
they occupy the readily
available
sites
first,
and
this may have
implications
for
the
addition
of metals
to
rivers
either through
runoff
or direct
aerial
input.
Our
experiment ran for only ten (10) weeks incubation and it was feasible that
with
longer
incubation,
there would
have been
an
equilibrium
set up
to
spread
the
Cu
over
the
various
forms
available.
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.
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l
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c
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l
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tot
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all
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the
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tot
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con
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The dissolved (<.45u) metal concentrations are generally lower than
the particulate. This difference was most striking for Al and Fe (which
are usually particulate in water) where the values were usually less
than the reporting limit of 0.1% after filtering.
Very few.particulate (>.45u) samples were obtained because of the
low flow and yield conditions. Average values for suspended sediments
for each watershed are given in Table 11. Low flow and event samples
have been averaged to give some idea of the yearly average metal concen-
tration. Metal contents of the suspended materials are generally higher
than the watershed soils or bottom sediments. This is likely a reflection
of the particle size of the suspended material; unfortunately, the
samples collected were too small to permit particle size analysis.
The concentration of metal (pg/2) contributed by each fraction are
shown in Appendix Table 25. The total concentrations were low butwith—
in the ranges reported for natural waters. The concentration data
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 TABLE 10.
PERCENTAGE VARIATION (rZX 100) ACCOUNTED FOR BY
CORRELATION
BETWEEN
TRACE
METALS
AND
OTHER
STREAMV‘ATER VARIABLES *
Only values =SO% are included.
A1
Fe
Cd
Cr
Cu
Mn
Ni
Pb
Se
Zn
 
TOTAL WATER
AGl Yield ~53
Total C
61
61
67
90
Organic
C
~58
90
72
Inorganic C
64
55
83
74
Total N
72
72
86
66
Total 8
~88
-66
~81
64
~53
Total A1
85
A63 Yield
71
76
59
72
58
59
Total C
~59
~59
~74
~71
~94
Organic C
65
64
~79
56
72
Inorganic C
~77
~76
~81
~83
~90
Total 8
~61
~64
~74
~72
~96
Total A1
96
90
96
71
Total Fe
96
92
98
74
AG4 Yield 88 76 ~53
Total C ~76 71
Organic C 99 53
Inorganic C ~88 ~61 53
Total N 53 81
Total S ~83
Total A1 83
Total Fe 83 ~81
AGS Yield 61
Organic C
61
61
63
Inorganic C ~56
Total N _ 56 56
Total 8 ~77
Total A1 77
Total Fe 77
A610 Yield ~50 ~72 ~81 ~82 ~81 -72 ~67
Tbtal c 77 59 64 64
Organic c
90
79
85
81
85
67
92
96
Total N
88
90
96
53
69
Total 5
~92
~53
~72
~88
~82
~72
~88
~66
~96
~99
Tbtal A1
55
55
64
58
85
64
90
80
92
Total Fe
55
53
56
A613 Yield ~53 74
Total C ~96 61 -72
Organic C
#56
‘94
Inorganic C ~71 ~77 ~71
Total N 67 67 61 ~66 56 77
Total S —58 ~85 ~76 ~85
Total A1 85
Total Fe 98 . 86
*For example in A61, 90% of the variation in total Zn of streamwater can be
associated with variations in total C of the streamwater.
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DISSOLVED FRACTION
AG 1
A63
A64
A65
A610
A613
Total C
Organic C
Inorganic
Total N
Total 8
Organic C
Inorganic
Total N
Total 8
Yield
Total C
Organic C
Inorganic
Total N
Total S
Yield
Total C
Organic C
Inorganic
Total N
Total 8
Yield
Total C
Organic C
Inorganic
Total N
Total 8
Yield
Total C
Organic C
Inorganic
Total N
Total 8
C
C
  
TABLE 10 (cont'd)
 
Al Fe Cd Cr Cu Mn Ni Pb Se Zn
( .45u)
—61 76 64
—64 94 9O —69
—53 —53 53
—55 —90 -77
76
77
59
—63
-62
-77 -77 -59
-62 55
52 52 -67 -76 77
72 77 —90 —95 98
64 64 —55 55
—58 -64 —76
-55
—82 —82 85 63 -86
—52
—64
-61 55
—59
52 -55 67
—53
—74 -85 —56
63 98
76 92 63
82
96 96 74 90 86 74 74
~61 -76
—81 76 ~72
—88 77 —94 -98 —56
-96 88 -96 -88
—76 ~86 —98 —72
59
-66
—88 -96 -66
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clearly showed the decrease in Al and Fe values.
Values obtained after
filtering demonstrate their close association with particulates (Florence
and Batley, 1977).
For low flow conditions, the following elements were primarily pre—
sent in dissolved form (<.45u): total C, total N, total S, organic C,
Cu, Ni, Pb and Se. Mn and Zn appeared more particulate, as their concen—
trations decreased with filtering. Cd and Cr gave no clear patterns.
When the occasional event sample was obtained, most metals were usually
higher in the particulate due to the addition of clays from surface
erosion into the water. It was unfortunate that most samples were
summer low flow samples and more event samples were not obtained because
for loading values, the spring runoff and event samples are much more
important than summer flow values.
The concentrations for trace metals in water were similar to those
obtained by Ihnat (1978) on some of the same samples (Project 9B)
except for Cu. Our methods, although precautions were taken, did not
take into consideration blanks other than reagent digestion blanks (ie.
no field blanks), therefore, our method, although precise, was not as
accurate as Ihnat's.
The chemical analyses of suspended sediment collected during the
spring runoff period of 1977 are given in Table 12. These spring samples
were obtained by centrifugation at CClW rather than filtration through
.45u filters. A check of the two methods showed that the centrifuge
recovered 83 mg/l of suspended sediments while the filtering method
recovered 89 mg/2. These are within 10% of each other. It was understood,
at the beginning, that some loss of material exists with the centrifuge
method, especially some of the smaller particle sizes, but the centrifuge
allowed for the processing of greater volumes of water and hence increased
the yield. It was normal to process 450 2 for each sample. Despite
supreme efforts on the part of the sampling team, it was felt that only
in watershed 13 was the spring peak sampled adequately. The other
watersheds were sampled shortly after the spring sediment peaks, but the
large volumes of water that could be processed by centrifugation allowed
sufficient sample for analysis to be collected.
The trace elements were higher in the suspended sediment than in
either the bottom sediments or soils indicating that the loads of metals
leaving the watersheds were greater in the spring than in the summer or
fall low flow periods. Cd averaged 1.2 ppm, Cr 96 pp, Cu 49 ppm, Mn 630
ppm, Ni 40 ppm, Pb 60 ppm and Zn 237 ppm. These averages were similar
to those obtained in 1976; however, the quantity of sediment lost during
the spring runoff indicated that the loads of metals leaving the water-
sheds was greater in the spring than in the summer or fall flow periods.
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 TABLE 11.
 
AG 1
AG 3
AG 4
AG 5
AG 10
AG 13
AVERAGE
Cd
3.4
AVERAGE METAL CONCENTRATIONS (ppm)
OF SUSPENDED SEDIMENTS
Cr
32
80
72
96
89
64
Cu
72
40
34
93
86
65
Mn
618
650
1380
809
1540
1000
48
(1976)
Ni
52
48
23
48
40
42
Pb
92
28
60
48
125
71
 
Se
0.9
0.6
0.6
Zn
218
155
141
213
305
206
4
9
TABLE
1 2 .
 
A
G
3
(22/3/77,
3:00
pm)
AG 4
(17
/3/
77,
1:0
0 p
m)
AG 10
(16/3/77,
12:00
pm)
AG
10
(21/3/77, 4:30 pm)
AG
13
(4/3/77,
7:00
pm)
CHEI‘IICAL ANALYSES 0F SUSPENDED SEDIMENT COLLECTED DURING
1977 SPRING RUN-OFF PERIODS
Yield
Ash
C
Corg
A1
Fe
Cd
Cr
Cu
g/l
%
%
%
pg/g
 
M
n
P
b
Zn
 
35
81.2
5.6
4.0
970
425
0.3
75
32
19
84.9
5.2
2.6
1365
640
1.5
88.5
47
62
88.5
3.9
0.8
1850
865
1.5
110
50
31
89.3
3.2
1.3
1855
755
1.3
95
60.5
306
86.2
4.2
0.5
1865
930
1.0
112.5
59.5
620
760
60
5
555
615
2
5
.
5
33
.5
4
7
.
5
44.5
52
3
O
65
50.5
100
5
1
125
250
250
3
1
0
250
 
 DATA ANALYSIS AND INTERPRETATION
Trac
e me
tals
may
be b
oth
micr
onut
rien
ts a
nd t
oxic
ants
.
Some
of t
he
meta
ls,
such
as C
u,
Zn,
V, S
e an
d Mo
, ar
e ne
cess
ary
in s
mall
quan
titi
es
for proper functioning of biological organisms but, in slightly higher
amounts, they can also severely inhibit growth. The majority of the
trace metals are not required for growth, even though they enter bio—
logical systems and often tend to accumulate there. Most organisms have
a body load of these elements, usually stored in innocuous forms. In
recent years, evidence has been confirmed that, under certain environ-
mental conditions, heavy metals are methylated by microorganisms (Wong
et al., 1975; Chau et al., 1976) making them more volatile and lipid
soluble. With the transformation to an organic form, these metals may
easily pass through membranes and can accumulate in different parts of
the organisms where they may do greater damage.
Metals in the aqueous environment may be derived from natural
geologic weathering of soils or from man's activities. In the Great
Lakes region, much of the land is under agricultural management which
may affect the metal load entering the lakes. In assessing agriculture's
impact on the metal load of the Great Lakes systemaseveral factors had
to be considered. First, what are the metal concentrations in the soil
materials, bottom and suspended sediments? Second, were they of geologic
origin or derived from man's activities? Third, how are these metals
stored in the soils and in bottom and suspended sediments? And fourth,
by what means are these metals transported from the land to the drainage
system and thence to the lakes? This study was an attempt to provide
answers to these questions. The speciation of the metals, their biolog—
ical availability, and toxicology were outside the scope of this study.
Sources of Metals
Soils
Total metal concentrations of the soils were determined in a HClO4-HF
digest.
The total concentrations of the metals in the watershed soils
were within the normal ranges reported for soils (Vinogradov, 1959;
Bowen,
1966; Frank et al.,
1976; McKeague and Kloosterman,
1974) and
were probably of geologic origin.
In most cases, watersheds with high
clay contents also had high metal contents:
sandy soil watersheds had
much
lower
metal
concentrations.
It
also
occurred
that
soils
with
higher metal
and clay
contents were more
uniform
in metal distribution
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 in the sampling pit than soils with low metal and clay contents, presumably
because sandy soils contain coarser grains of unweathered material which
may vary greatly in chemical composition. The metals were distributed
in two profile patterns - either the highest or lowest metal concentrations
were in the C horizon.
This grouped the watersheds of Essex County
together (C values always highest) and the other watersheds in south
central Ontario together
(C values always lowest).
Of the metals examined Se, Hg, and Pb were consistently higher in
the surface soil (A horizon). Selenuim, and Hg have been associated
with organic matter, which was higher in the A horizon, leading to
their accumulation (McKeague and Kloosterman, 1974; Doran and Alexander,
1977). High concentrations of Pb in surface soils relative to deeper
horizons have beenreported in both remote and heavily populated areas
(National Academy of Sciences, 1972; Whitby, 1974; Vinogradov, 1959) but
the reason for this is not readily apparent. Unlike heavily populated
areas, the earth's atmospheric load in remote areas would be insufficient
to raise the surface Pb values several ppm above that found at deeper
depths. This is feasible in heavily populated areas. The surface Pb was
not organically related since DTPA extracted only 5% of the total Pb and
the fractionation studies (in the sparsely populated Big Creek (AG
1) and Canagagigue (AG 4) watershed soils) showed that organically bound
Pb was low (10%). Approximately 87—89% of the lead was associated with
the manganese and iron oxide and crystalline fractions, and appeared to
be a natural phenomena.
A number of other measurements confirmed that the soil metal concen—
trations were natural. The DTPA extraction method has often been used
on polluted soils since the additional metal does not appear as strongly
bound, and areas of contamination often exhibit high DTPA extractable
metal concentrations (Rule and Graham, 1976; Silviera and Sommers, 1977;
Bingham et al., 1976). All watershed soils showed low concentrations of
DTPA extractable metals. The distribution of metals on the different
faces of the soil pits (replication study) was more uniform for soils
with higher metal concentrations. If the higher concentrations had been
contributed by foreign materials, one would expect that, as the quantity
added increased, the variability would also increase since additions to
large areas would seldom be uniform.
Thus, for the metals studied (A1, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni,
Pb, Se and Zn), the concentrations in the agricultural watershed soils
were within the ranges reported as normal for soils and showed no evidence
of metal accumulation from outside sources.
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80
80
25
6
Th
e
hi
gh
es
t
me
ta
l
lo
ad
in
g
(Z
n
in
AG
4)
wo
ul
d
in
cr
ea
se
th
e
su
rf
ac
e
so
il
Zn
(m
ix
ed
to
a
de
pt
h
of
21
cm
or
6
in
)
by
0.
67
%
pe
r
ye
ar
.
Th
e
ma
jo
ri
ty
of
th
e
so
il
me
ta
ls
wo
ul
d
on
ly
be
in
cr
ea
se
d
by
ap
pr
ox
im
at
el
y
0.
1%
pe
r
ye
ar
-
an
am
ou
nt
th
at
wo
ul
d
re
qu
ir
e
a
co
ns
id
er
ab
le
nu
mb
er
of
additions to detect.
Fertilizer
Fer
til
ize
r
app
lic
ati
ons
are
ano
the
r
pot
ent
ial
sou
rce
of
met
al
con
tam
ina
tio
n.
As
rec
ord
ed
in
App
end
ix
Tab
le
14,
onl
y
the
pho
sph
ate
fer
til
ize
rs
con
tai
ned
app
rec
iab
le
qua
nti
tie
s
of
hea
vy
met
als
.
The
ref
ore
,
bas
ed
on
the
usa
ge
of
pho
sph
ate
fer
til
ize
rs
in
eac
h w
ate
rsh
ed
(Te
chn
ica
l
Rep
ort
5)
and
the
fer
til
ize
r
ana
lys
is,
the
fol
low
ing
loa
din
gs
wer
e
obtained:
Sur
fac
e M
eta
l L
oad
ing
s d
ue
to
Pho
sph
ate
Fer
til
ize
rs
(g/
ha/
yea
r)
Cd
Cu
Ni
Pb
Zn
Z a
rea
fertilized
AG
1
0.2
5
0.1
3
1.4
6
<0.
1
3.3
3
91
AG
3
0.3
3
0.1
4
1.5
0
<0.
l
3.4
1
90
AG 4 0.23 0.07 0.78 <0.1 1.78 91
AG
5
0.3
9
0.1
2
1.3
0
<0.
l
2.9
6
81
AG 10 0.06 0.04 0.42 <O.1 0.97 79
AG 13 1.08 0.28 3.13 <0.4 7.13 76
Usi
ng
the
hig
hes
t m
eta
l c
ont
rib
uti
on
(Zn
in
AG
13),
the
inc
rea
se
in
surf
ace
soil
Zn d
ue t
o fe
rtil
izer
was
0.00
5%.
Most
of t
he m
etal
addi
tion
s
were
much
lowe
r an
d ap
prox
imat
ely
0.00
1% o
f th
e me
tal
pres
ent
woul
d be
added each year by phosphate fertilizer.
Sludge and manure
Of the 11 agricultural watersheds being monitored by PLUARG, only
32 ha of land in watershed 6 received sewage sludge. AlthOugh sludge
is probably the most important scurce of metals to farmland, sludge was
52
 not applied to soils in the 6 intensive watersheds studied; thus, the
metal concentrations could not arise from this source.
Manures also contain trace metals. Based on the farm survey (Technical
Report 5) and the average metal values published by Webber and Webber
(1977), the following estimates of metal additions by manures were made:
Surface Metal Loadings due to Manure
(g/ha/year)
Cd Cu Ni Pb Zn 2 area
manured
AG 1 2 56 10 37 433 2
AG 3 18 528 98 325 4,118 20
AG
4
23
784
128
424
5,335
39
AG 5 22 657 123 407 5,125 22
AG 10 24 723 135 448 5,640 19
AG 13 l 17 3 10 129 1
Using the highest metal rate (Zn for AG 10), the Zn content of the
soil would be raised 2% per year by manure applications. Generally,
manure applications would raise the metal levels about 0.5%. However,
the majority of these metals were recycled from the forage crops produced
on the same farms, so this may appear artificially high as loading
values. Investigation into the levels of metals added to feed as growth
stimulants is necessary to put manure loadings into proper perspective.
Thus, it appears that manure disposal could contribute the greatest
quantities of metals to the soils, followed by atmospheric sources then
phosphate fertilizer. However, because of the recycling phenomena of
manures, atmospheric sources are probably the greatest contributor. The
loadings presented here are average values for each watershed; assuming
a uniform application of materials across the entire watershed. It
should be realized that some areas may receive higher quantities of
metals than others. For example, manure was only applied to 2% of water—
shed l and 1% of watershed 13 compared to 39% of watershed 4. It should
also be considered that these estimates do not include losses from the
soil by erosion, leaching or crop uptake. With these losses, even
greater numbers of applications (in years) would be needed before any
detectable increase in the soil metal levels would be evident.
Transport and Storage
Bottom sediments
Total metal concentrations in bottom sediments were determined
similarly to those in soils.
A comparison of average metal concentrations in the soil Ap horizons
with the metal concentrations in bottom sediments and suspended sediments
is presented in Table 13. Table 14 presents the correlation coefficients
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 SOILS
AG
AG
AG
AG
D
u
c
t
—
I
5
AG 10
AG 13
As
PPm
5.5
4.3
3.8
4.4
6.8
5.4
Cd
PPm
(Ap Horizons)
0.9
BOTTOM SEDIMENTS
AG
AG
AG
AG
1
3
4
5
AG 10
AG 13
10.2
3.0
3.1
3.9
5.0
6.0
1.2
0.9
SUSPENDED SEDIMENTS
AG
AG
AG
AG
U
'
I
D
U
J
H
AG 10
AG 13
7':
3.7
0.3*
4.0
2.5
1.0*
AVERAGE METAL CONCENTRATIONS IN SOILS, BOTTOM AND
SUSPENDED SEDIMENTS IN AGRICULTURAL WATERSHEDS
Cr
PPm
64
80
52
49
63
26
62
36
39
42
39
27
32
80
72
96
89
113*
not determined
Spring 1977 samples
—________J_
Cu
PPm
25
27
19
16
16
13
31
18
15
16
28
15
72
40
34
93
86
60*
Hg
ppb
40
81
52
50
44
29
47
37
31
39
40
29
2
1
1
54
Mn
PPm
267
687
890
808
536
307
738
567
694
704
845
418
618
650
380
809
504
615*
Ni
PPm
29
30
19
17
23
10
37
17
17
14
26
18
52
48
23
48
40
52*
Pb
PPm
25
25
21
22
29
21
23
17
20
34
54
19
92
28
60
48
125
51*
Se
PPm
0.62
0.41
0.32
0.30
0.42
0.32
0.69
0.36
0.20
0.35
0.17
0.31
0.9
0.6
0.5
0.7
0.2
Zn
PPm
120
98
75
85
125
54
117
67
67
75
401
61
218
155
141
213
305
250
Clay
%
30.5
33.5
23.5
19.2
36.1
8.0
22.6
14.9
8.8
9.3
25.6
1.4
90.3
57.6
60.8
79.1
70.3
68.7
 TABLE 14.
C
O
R
R
E
L
A
T
I
O
N
C
O
E
F
F
I
C
I
E
N
T
S
F
O
R
SOILS
A
N
D
BOTTOM
S
E
D
I
M
E
N
T
S
Ap
Horizon
Ap
Horizon
C
Horizon
vs
vs
vs
C
Horizon
Bottom
Sediments
Bottom
Sediments
As
.62
‘.50
.75
Cr
.57
.43
.58
Cu
.58
.37
.84
Hg
.36
.07
.13
Mn
.35
.66
.63
Ni
.63
.65
.99
Pb
.90
.71
.50
Se
.93
.78
.88
Zn
.65
.67
.50
r
=
.75
significant
at
.05
level
55
   
 for metals in the soil Ap horizon, C horizon and bottom sediments.
Generally, the bottom sediments tended to have lower metal levels than
the Ap horizons from the same watersheds. This was the case for each of
the 9 metals in watersheds 3 and 4, and the majority of metals in water-
sheds 5 and 10. However, the bottom sediments of watersheds l and 13
had higher metal values than the surface soils. The soils from watersheds
l and 13 also differed from those in the other watersheds in their
profile distribution of total metals. Generally soils from watersheds
l and 13 had higher metal concentrations in the C horizon relative to
the A horizon whereas metal concentrations in soils from the other
watersheds were reversed. It is unlikely that the bottom sediments
would reflect only Ap or C horizons but rather a combination of surface
soils, streambanks and streambed materials which would be sorted by
water action and influenced by seasonal flow. Such wasthe case since
As, Cr, Cu, Se, and Ni in bottom sediments were better correlated with C
horizon values than values in Ap horizons. Nickel in bottom sediments
was highly correlated in the C horizon (r=+0.99). Likewise Se in the
bottom sediments was better correlated with soil C horizons (r=+0.88)
than Ap horizons (r=+0.78). Conversely, Zn, Pb, and Mn values in bottom
sediments were better correlated with Ap horizons than C horizons. Even
though Pb, Se, and Hg concentrations were higher in Ap than C horizons
of soils and were correlated with carbon in the Ap, Hg did not show any
correlation between Ap horizon and bottom sediments. The lack of a
distinct correlation between soil horizons and bottom sediments may
suggest that during periods of normal or low flow streambank erosion
predominates while during high flow periods surface erosion dominates
resulting in a mixing of the Ap and C horizons in the bottom sediments.
Elevated levels of metals in bottom sediments from a polluted source
would bear little resemblance to metal concentrations in any of the soil
horizons (Perhac and Whelan, 1972; Turekian and Scott, 1967) unless the
soils were also polluted.
It was initially estimated that 90% of sediment was contributed by
surface soils and only 10% by streambank (W.F. Mildner).
It appears
evident that the contribution of sediment from streambank and surface
erosion differs between watersheds and under different flow conditions.
The forms of metals in the bottom sediments were not the same as in
the soils, especially for Cu and Pb. DTPA extracted 13% of the total Cu
and 11% of the total Pb from bottom sediments but only 5.5% total Cu and
Pb from surface soils.
It appeared that more of the Cu and Pb in the
bottom sediments was available to extraction by DTPA than in the soils
even though the total concentrations were less.
The fractionation ex-
periment showed that this difference likely came from carbonate bound
materials which could be attacked by the DTPA extractant and, in the
case
of Cu,
organically bound material.
Since
the
carbonates
were
not
present
in the Ap
horizons
and
the carbonate
materials
of
the C horizon
gave
very
low
levelsof
DTPA
extractable
metals,
it
appears
that
the
metals
entered
the
aquatic
ecosystem
directly
adsorbed
to
soil
particles
and/or
as
soluble
metal
that
underWent
both
co-precipitation
with
carbo-
nates
and
adsorption
onto
other
materials.
 
  
S
us
p
e
n
d
e
d
and
b
o
t
t
o
m
s
e
d
i
m
e
n
t
s
Metals
in
the
suspended
sediments
were
higher
than
metals
in
the
bottom
sediments
or
soils.
This
was
largely
due
to
a
difference
in
particle
size
-
suspended
sediments
were
60—90%
clay,
bottom
sediments
7—25%
and
surface
soils
8-36Z
clay.
With
the
smaller
particle
size
and
greater
surface
area
for
a
given
weight
more
metals
and
other
materials
could
be
a
d
s
o
r
b
e
d
on
the
surfaces
of
the
s
us
p
e
n
d
e
d
s
e
d
i
m
e
n
t
s
than
soils
or
bottom
sediments
and
consequently
higher
levels
were
found.
Also
there
was
a
strong
correlation
between
clay
and
metals
in
soils
and
bottom
sediments
suggesting
clay
is
involved
in
primary
transport.
The
bottom
sediments
had
lost
much
of
the
finer
particles
due
to
sorting
by
water
in
the
drainage
system
and
were
lower
in
metal
content.
Thus
periods
of
high
suspended
sediments
were
accompanied
by
higher
concentra—
tions
of
metals
transported
through
the
system
on
clay
sized
material
derived
from
streambank,
bed
and
surface
soils.
Mechanisms
which
raise
the
suspended
load
will
also
increase
the
metal
load.
It
was
unfortunate
that
so
little
suspended
sediment
was
collected
because
the
relationships
of
suspended
sediments
within
the
aquatic
environment
are
unclear.
Metal
measurements
in
suspended
sediments
may
vary
by
200%
over
a
matter
of
hours.
Angino
et
al.
(1974)
stated
that
suspended
sediments
were
not
related
to
geological
but
surficial
materials
and
report
that
suspended
sediments
are
not
useful
in
geochemical
pros-
pecting
in
the
same
manner
as
bottom
sediments
and
soils.
Suspended
sediments
are
not
necessarily
related
to
the
geological
characteristics
of
the
materials
over
which
they
flow.
Organic matter
Another
major
transport
mechanism
for
metals
is
their
association
with
organic
matter
(Garrett
&
Hornbrook,
1976;
Loring,
1976;
Thomas,
1972).
Heavy
metals
in
bottom
sediments
have
consistently
been
correlated
with organic matter.
The
chemical
and
spectrophotometric
data
show
that
HA's
and
FA's
in
suspended
and
bottom
sediments
resemble
soil
HA's
and
FA's
in
surface
structural
features,
chemical
composition
and
ability
to
form
strong
metal—organic
complexes
as
well
as
to
interact
with
other
materials
such
as
clays.
From
the
functional
group
analysis
an
estimate
of
the
metal
binding
capacities
of
the
soil
and
bottom
sediment
HA's
and
FA's
were
made
(Table
15).
For
example,
the
average
bottom
sediment
contained
per
kg,
2.0
g
of
HA,
and
1.6
g
of
FA.
The
average
COZH
contents
of
these
materials
were
2.9
and
2.5
meq/g
respectively.
Thus
the
sum
of
the
product
of
the
HA
or
FA
and
COZH
content
gave
a
total
metal
binding
capacity
of
9.8
meq/kg
for
bottom
sediment
and
78.9
meq/kg
for
soil.
Since
only
37%
of
the
soil
organics
and
59%
of
the
sediment
organics
were
extracted
and
75%
of
soil
organic
matter
is
HA
+
FA,
the
total
potential
metal
binding
capacity
of
the
bottom
sediments
was
12.5
meq/kg
and
of
soil
160.0
meq/kg
(Whitby
and
Schnitzer,
1978).
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 TABLE 15.
ESTIMATED METAL-BINDING CAPACITIES OF BOTTOM
SEDIMENT AND SOIL HA's AND FA's
Type of Material
Average
Average Organic
Average
Potential Metal-
Content
COZH Content
CO H Content
Binding Capacities
(g/kg) (meq/g) gmeq/kg) (meq/kg)
Bottom
Sediment
HA'sl
2.0
2.9
5.8
7.4
Bottom
Sediment
FA'S2
1.6
2.5
4.0
5.1
Sum
of
HA'sl+
FA'SZ
3.6
9.8
12.5
Watershed
Soil
HA'sl
8.9
5.0
44.5
90.2
Watershed
Soil
FA‘s2
5.3
6.5
34.4
69,8
Sum
of
HAvs1+
FA'SZ
14.2
78.9
160.0
1 HA ~ Humic Acids
2 FA — Fulvic Acids
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It
is
unlikely
that
all of
the
estimated
organic metal
binding
sites
were
available
for
reactions
with metal
ions
in soils
and
sediments
due
to
binding
of
the
COZH
groups
with hydrous
oxides,
clay,
and
other
silicates.
The
fractionation
study
for
soils
and sediment
suggested
that
only
11-15%
of
the metal
was organically bound
(occupying
1.4%
of
the
binding
capacity
for
soils
and 16%
for
bottom
sediments)
with
the
rest
distributed
between
carbonates,
iron
and manganese oxides
and
crystalline
forms.
The
COZH
contents
of
the
bottom
sediment
HA's
and
FA's
were
2-3
times
lower
than
previously
reported
values
(Schnitzer,
1977)
probably
because
of
the
higher
ash
content
for
sediments
than
soils
which
suggests
blocking
of
COZH groups
by hydrous
oxides
and
silicates
in these
watersheds.
The lower
percentage
of metal
bound
to
organic matter
in soils
suggests
a reduction
in organic
binding
sites
by
oxides with time.
Bottom sediments had a lower percentage extractable Cr, Ni and Pb
than the soils but contained more organically bound Cu and Zn as deter—
mined
by direct
analysis,
H202,
and
DTPA
extraction
(Appendix Table
29).
Although
HA's
and
FA's
from
bottom
sediments
had a lower
amount
of
binding sites available for metals than organics from adjacent soils,
a
4
greater percentage of these sites appeared reactive.
These data suggest
3
that humic substances may be in lower concentrations in bottom sediments
than soils but they may play a proportionately greater role in the
transport of some metals, in this case Cu and Zn.
Dissolved Matter
Insufficient suspended and dissolved organic matter was collected
from the watersheds for a complete examination of the binding capacity
of this material.
In the manner in which suspended particles are mainly
clay-sized, there is likely a sorting of organic material in the aquatic
environment. In fact, most of the organic carbon was present in the
dissolved fraction of the streamwater and only FA, the more water soluble
organic, was extracted.
Correlations between organic C and metals for
total stream water and suspended particulates were not particularly
strong but the dissolved fraction usually had organic C positively
correlated with metals, i.e.; Cu and Zn.
Weber and Wilson (1975) extracted both HA and FA from river water
and found the COZH content was 4.7 meq/g for FA and 6.8 meq/g for HA.
These values were similar to those we obtained from soils rather than
bottom sediments. Functional group analysis of dissolved organics was
not possible in this study. During low flow periods, metals such as Cu,
Ni, Pb and Se, although present in the particulate, were found primarily
in the dissolved fraction (<.45u) of the streamwater, along with the
organic carbon. Kemp (1969) found 25% of the organic matter in Lake
Erie and Lake Ontario bottom sediments were HA's and FA's; FA's were 3-4
times greater than HA's, indicating a greater input of FA's due to
fluvial transport. One would expect that considerable quantities of
soluble metal—organics are lost from the watershed via stream transport
during both high and low flow conditions but that particulate transport
would be more important during high flow periods.
 Suspended sediments and dissolved organic and inorganic materials
are good scavengers for removing pollutants from water because of their
high surface areas and consequently high binding capacities. Because of
these properties they can also retain pollutants for long periods of
time and transport them great distances. The opportunity to examine the
relationships within the suspended and dissolved materials must await
further advances in sample collection and fractionation.
Hydrous oxides
The importance of hydrous oxides in the movement of metals must
also be considered. In aquatic environments, the iron and manganese
oxides are the primary hydrous metal oxides (Leland et al., 1974).
Large quantities of heavy metalsoccur in manganese nodules in oceans
(Burns and Fuerstenau, 1966) and Suarez andLangmuir (1976) found that
Mn oxides in Pennsylvannia soils contained 10 times the heavy metal
content of Fe oxides. Jenne (1968) stated that Mn and Fe oxides were
the major controls of Mn, Fe, Co, Ni, Cu and Zn in soils. Based on the
methods of Gupta and Chen (1976) and Gibbs (1973), an examination was
made of the forms of metals present in the bottom sediments from these
watersheds.
The hydrous metal oxides accounted for a large proportion of the
metal in the sediment -37% Cu, 18% Ni (no Mn oxide bound), 25% Pb (no Fe
oxide bound) and 29% Zn. These hydrous oxides play a vital role in
water transport and it was unfortunate a more detailed examination of
the suspended sediments could not be made.
 
Crystalline metal
The major part of the metal (25—75%) was found associated with the
!
crystalline part of the soil or sediment particles and was considered
unreactive.
Of the metals investigated, the crystalline form accounted
for 65% Ni, 50% Pb and Zn, and 35% Cu present in the bottom sediments.
Thus a large part of the metal is stored in the sediments in a nonreactive
form and is transported solely with the suspended sediments.
Since
metal concentrations were correlated to clay content it was not unexpected
g
that the crystalline portion would contain the bulk of the metal.
Carbonate metal 5
The carbonate coprecipitated metal was of more importance in the
bottom sediments
than
in the soils
due
to
the
large
quantity
of
carbon-
ates
present
in the
sediments.
Dramatic
environmental
changes,
such as
a
decrease
in
pH
or
change
in
oxidation-reduction
potential,
would
be
necessary
to
release
the
metals
held
by
the
carbonate
forms,
although
the
potential
for
their
release
under
changed
conditions
exists.
Other forms
Negligible
quantities
of
metals
were
associated
with
the
readily
available
water
soluble
and
exchangeable
fraction.
In
fact,
for
Cu
and
60
  
Zn,
it
is
vital
to
plant
growth
that
some
of
these
metals
be
available.
Metal addition
The
fractionation
study
with
added
metal
was
designed
to
investigate
the
fate
of
excess
metals
if
metal
loadings
to
these
soils
and
consequently
the
sediments
were
increased.
Bioactivity
of
aquatic
metals
depends
on
their
solubility
(Leland
et
al.,
1974)
thus
the
soluble
nitrate
forms
of
the
metals
were
added.
In
these
soils
and
sediments,
and
in
most
other
instances,
all
forms
of
available
sites
for
metal
binding
are
undersaturated
with
respect
to
metals.
It
was
found
that
as
the
metal
was
added
the
carbonate
forms
developed
first
followed
by
the
stronger
binding
sites
(organic
and
hydrous
oxides)
then
the
readily
available
forms.
The
implications
are
that
the
soil
and
sediment
systems
effectively
immobi-
lize
metal
additions
up
to
a
point
but
as
the
concentration
increases
the
metals
are
left
in
a
more
available
form
which
may
later
lead
to
movement
through
plants
and
the
ecosystem
generally.
Although
each
of
the
major
metal
transport
mechanisms
were
covered
separately,
the
various
phases,
e.g.
metal—clay
interactions,
metal-oxide
sorptions,
oxide—clay
interactions,
metal—organic
complexes,
etc.,
cannot
be
separated
from
one
another.
Each
phase
contributes
to
metal
transport
and
storage
although
their
relative
significance
may
differ
under different environments.
The
agricultural
watersheds
in
this
study
were
chosen
for
their
variations
in
agriculture
and
pollution
potential.
No
major
sources
of
metals
were
identified
in
these
watersheds
and
what
was
found
appeared
to
be
of
geologic
origin.
Metal
storage
appeared
to
be
primarily
in
the
crystalline
form
in
soil
and
bottom
sediments
with
the
rest
stored
in
carbonates,
metal
hydrous
oxides,
or
organically
bound.
Little
metal
was
found
in
a water
soluble
form
or
adsorbed
on
exchange
sites.
The
quantity
of metal
stored
in the
crystalline
fraction is
biologically
nonreactive
while
that
in the
exchangeable
form or
associated
with
the
organic material and hydrous oxides may under the right environmental
conditions
be reactive.
A change
in pH or oxidation—reduction
potention
of the water or sediment c0uld result in the release of carbonate,
organic and oxide bound metals.
Organically complexed metal could be
maintained in aqueous solution or associated with suspended sediment.
Metal transport occurs primarily on the particulate phase with clay as
the reactive transporter.
Agriculture does not appear to be a major source of metal input;
however, the possibility remains that increases in metals in the soils,
due to atmospheric, fertilizer or particularly sludge sources can lead to
increases in both soluble and particulate metals in streamwater and
sediments.
The potential for these increases should be carefully considered.
61
   
 REFERENCES
Act
on,
C.J
.,
G.T
.
Pat
ter
son
and
C.G
.
Hea
th
197
8.
Soi
1
sur
vey
of
six
agr
icu
1tu
ra1
sub
wat
ers
hed
s
in
Sou
thw
est
ern
Ont
ari
o.
Pro
jec
t 7
,
Tas
k
C
(Ca
nad
ian
Sec
tio
n),
Act
ivi
ty
1,
Int
ern
ati
ona
1
Ref
ere
nce
Gro
up
on
Gre
at
Lak
es
Po1
1ut
ion
fro
m
Lan
d
Use
Act
ivi
tie
s,
I J
.C.
,
Win
dso
r,
Ont
ari
o
(in
pre
par
ati
on)
.
Ang
ino
,
E.E
.,
L.M
. M
agn
uso
n a
nd
T.C
. W
aug
h.
197
4.
Min
era
1og
y o
f s
usp
end
ed
sed
ime
nt
and
con
cen
tra
tio
n
of
Fe,
Mn,
Ni,
Zn,
Cu
and
Pb
in
wat
er
and
Fe,
Mn
and
Pb
in
sus
pen
ded
1oa
d o
f s
e1e
cte
d
Kan
sas
str
eam
s.
Wat
er
Res
our
ces
Res
. 1
9;
1187—1191.
Bin
gha
m,
F.T
.,
A.L
.
Pag
e,
R.J
. M
ah1
er
and
T.J
. G
anj
e.
197
6.
Yie
1d
and
cad
miu
m
acc
umu
1at
ion
of
for
age
spe
cie
s i
n r
e1a
tio
n t
o c
adm
ium
con
ten
t o
f s
1ud
ge
amended soi1. J. Environ. Qua1., 6; 57-60
Bow
en,
H.J
.M.
1966
.
Tra
ce
e1e
men
ts
in
bio
che
mis
try
.
Aca
dem
ic
Pre
ss,
pp.
241.
Buch
auer
, M
.J.
1971
.
Effe
cts
of z
inc
and
cadm
ium
po11
utio
n on
vege
tati
on a
nd s
oi1s
.
Ph.D. Thesis, Rutgers University, New Jersey, pp. 103.
Burn
s,
R.G.
and
D.W.
Fuer
sten
au.
1966
.
E1ec
tron
prob
e de
term
inat
ion
of i
nter
e1em
ent
re1ationships in manganese nodu1es. Amer. Minera1. §lz 895-902.
Cha
u,
V.K
.,
P T
.S.
Won
g,
B.A
.
Si1
ver
ber
g,
P.L
.
Lux
on
and
G.A
. B
eng
ert
.
197
6.
Met
hy1
ati
on
of
se1
eni
um
in
the
aqu
ati
c e
nvi
ron
men
t.
Sci
enc
e 1
2g:
113
0-1
131
.
Deta
i1ed
Stud
y P1
an,
1974
.
Inte
rnat
iona
1 R
efer
ence
Grou
p on
Grea
t La
kes
Po11
utio
n
from Land Use Activities. I J.C., Windsor, Ontario.
Doran, J.W., and M. A1exander, 1977. Microbia1 formation of vo1ati1e se1enium
compounds in soi1. Soi1 Sci. Soc. Am. J. 41; 70-74
F1orence, T.M. and G.E. Bat1ey. 1977. Determination of chemica1 forms of trace
meta1s in natura1 waters, with specia1 reference to copper, 1ead, cadmium
and zinc. Ta1anta 24; 151—158
Frank
, R.,
K. Is
hida,
and
P. Su
da.
1976.
Meta1
s in
agric
u1tur
a1 s
oi15
of On
tario
.
Can. J. Soi1. Sci. 66; 181-196.
Frank, R. and B.D. Rip1ey. 1977. Land use activities in e1even agricu1tura1
watersheds in Southern Ontario, Canada, 1975—76. Project 5, Task C (Canadian
Section), Activity 1, Internationa1 Reference Group on Great Lakes Po11uti0n
from Land Use Activities, I.J.C., Windsor, Ontario, pp. 176.
Garrett, R.G. and E.H.W. Hornbrook, 1976. Re1ationship between zinc and organic
content in centre Take bottom sediments. J. Geochem. Exp1or. 6; 31—38.
Gibbs;]R%g. 1973. Mechanisms of trace meta1 transport in rivers. Science l§Q;
62
 
  
Gupta,
S.K.
and
K.Y.
Chen.
l975.
Partitioning
of
trace
metals
in
selective
chemical
fractions
of
nearshore
sediments.
Environmental
Letters
l0:
l28—l58.
__
Ihnat,
M.
l978.
Agricultural
sources,
transport
and
storage
of
metals:
copper,
zinc,
cadmium
and
lead
levels
in
waters
of
selected
Southern
Ontario
agricultural
watersheds.
Project
98,
Task
C
(Canadian
Section),
Activity
l,
International
Reference
Group
on
Great
Lakes
Pollution
from
Land
Use
Activities,
I.J.C.;
Windsor,
O
n
t
a
r
i
o
(in
preparation).
Jenne,
E.A.
l968.
Controls
on
Mn,
Fe,
Co,
Ni,
Cu
and
Zn
concentrations
in
soils
and
waters:
the
significant
role
of
hyrous
Mn
and
Fe
oxides.
In:
Trace
inorganics
in
water
by
R.F.
Gould,
pp.
337-387.
Adv.
Chem.
Sci.
73.
Kemp,
A.L.N.
l969.
Organic
matter
in
the
sediments
of
Lakes
Ontario
and
Erie.
Proc.
l
2
t
h
Conf.
G
r
e
a
t
L
a
k
e
s
Res.:
2
3
7
-
2
4
9
.
Kodama,
H.,
J.A.
McKeague,
R.J.
Tremblay,
J.R.
Gosselin,
and
M.C.
Townsend.
l977.
Characterization
of
iron
oxide
compounds
in
soil
by
Mossbauer
and
other
methods.
Can.
J.
Earth
Sci.
15;
l-lS.
Leland,
H.V.,
E.D.
Copenhaver,
and
L.S.
Corrill.
l974.
Heavy
metals
and
other
a
trace
elements.
J.
Mater
Poll.
Control
Fed.
5g;
l452—l476.
'H
Levesque,
M.
and
E.D.
Vendette,
l97l.
Selenium
determination
in
soil
and
plant
materials.
Can.
J.
Soil
Sci.
§lz
85-93.
Lindsay,
w.L.
and
W.A.
Norvell.
l969.
Development
of
a
DTPA
micronutrient
soil
test.
Agron.
Abstr.
pp.
84.
Loring,
D.H.
l976.
Distribution
and
partition
of
zinc,
copper
and
lead
in
sediments
of
Saguenay
fjord.
Can.
J.
Earth
Sci.
lg;
960—97l.
MacLean,
A
J.,
R.L.
Halstead
and
B.J.
Finn,
l969.
Extractability
of
added
lead
in
soils
and
its
concentration
in
plants.
Can.
J.
Soil
Sci.
39;
327-334.
Malaiyandi,
M.
and
J.P.
Barrette.
l970.
Determination
of
smeicro
quantities
of
mercury
in
biological
material.
Anal.
Lett._§:
579—584.
McKeague,
J.A.
and
B.
Kloosterman.
l974.
Mercury
in
horizons
of
some
soil
profiles
in
Canada.
Can.
J.
Soil
Sci.
gg;
503-507.
National
Academy
of
Sciences.
l972.
Airborne
lead
in
perspective.
National
Research
Council,
Washington,
D.C.
pp.
330.
Perhac,
R.M.
and
C.J.
Whelan.
l977.
A
comparison
of
water,
suspended
solid
and
bottom
sediment
analysis
of
geochemical
prospecting
in
a
Northeast
Tennessee
zinc
district.
J.
Geochem.
Explor._l:
47—53.
Rule,
J.H.
and
E.R.
Graham.
T976.
Soil
labile
pools
of
Mn,
Fe
and
Zn
as
measured
by
plant
uptake
and
DTPA
equilibrium.
Soil
Sci.
Soc.
Am.
J.
59:
853—857.
63
 
 Sa
nd
er
so
n,
M.
l97
7.
Pr
ec
ip
it
at
io
n
qu
an
ti
ty
an
d
qu
al
it
y.
Pr
oj
ec
t
6,
Ta
sk
C
(C
an
ad
ia
n
Se
ct
io
n)
,
Ac
ti
vi
ty
l,
In
te
rn
at
io
na
l
Re
fe
re
nc
e
Gr
ou
p
on
Gr
ea
t
La
ke
s
Po
ll
ut
io
n
fr
om
La
nd
Us
e
Ac
ti
vi
ti
es
,
I.
J
C.
Wi
nd
so
r,
On
ta
ri
o,
pp
.
l3
7.
Sc
hn
it
ze
r,
M.
l97
2.
Ch
em
ic
al
,
sp
ec
tr
os
co
pi
c
an
d
th
er
ma
l
me
th
od
s
fo
r
the
cl
as
si
fi
ca
ti
on
of
hu
mi
c
su
bs
ta
nc
es
.
In:
Hu
mi
c
Su
bs
ta
nc
es
by
D.
Po
vo
le
do
an
d
H.L
.
Go
lt
er
ma
n,
Ce
nt
re
fo
r
Ag
ri
cu
lt
ur
al
Pu
bl
is
hi
ng
an
d
Do
cu
me
nt
at
io
n,
Wageningen, Netherlands. pp 293-310,
Sch
nit
zer
,
M.
l97
7.
Rec
ent
fin
din
gs
on
the
cha
rac
ter
iza
tio
n
of
hum
ic
sub
sta
nce
s
ext
rac
ted
fro
m
soi
ls
fro
m w
ide
ly
dif
fer
ing
cli
mat
es.
In;
Sci
l
org
ani
c
ma
tt
er
st
ud
ie
s
II,
In
te
rn
at
io
na
l
At
om
ic
En
er
gy
Ag
en
cy
,
Vi
en
na
pp.
ll
7—
l3
2.
Sch
nit
zer
,
M.
and
S.U
.
Kha
n.
l97
2.
Hum
ic
sub
sta
nce
s
in
the
env
iro
nme
nt.
Marcel Dekker Inc., New York.
Sua
rez
,
D.L
.
and
D.
Lan
gmu
ir.
l97
6.
Hea
vy
met
al
rel
ati
ons
hip
s i
n a
Pen
nsy
lva
nia
soil. Geochem. Cosmochim. Acta g9; 589-598.
Sil
vie
ra,
D.J
.
and
L.E
. S
omm
ers
.
l97
7.
Ext
rac
tab
ili
ty
of
cop
per
, z
inc
,
cad
miu
m,
and
lea
d i
n s
oil
s i
ncu
bat
ed
wit
h
sew
age
slu
dge
.
J.
Env
iro
n.
Qua
l.
g;
47—
52.
Sut
ton
, R
.C.
l974
.
An
ine
xpe
nsi
ve
han
d-o
per
ate
d s
edi
men
t c
ore
r.
J.
Sed.
Pet
rol
55; 928—930.
Thom
as,
R.L.
The
dist
ribu
tion
of m
ercu
ry i
n th
e se
dime
nts
of L
ake
Onta
rio.
Can.
J. Earth Sci. 2; 636-65l.
Turekian, K.K. and M.R. Scott. l976. Concentrations of Cr, Ag, Mo, Ni, Co and
Mn in suspended material in streams. Environ. Sci. Tech. 1; 940-942
Vinogradov, A.P. l959. The geochemistry of rare and dispersed chemical elements
in soils. Second Edition. New York Consultants Bureau, N.Y. pp. 209.
Wall, G.J. l978. The nature and enrichment of sediments in agricultural water—
sheds: a minerological and physical characterization. Project 8, Task C
(Canadian Section), Activity l, International Reference Group on Great
Lakes Pollution from Land Use Activities, I J.C., Windsor, Ontario (in
preparation).
Webber, M.D. and L.R. Webber. l977. Micronutrients and heavy metals in livestock
and poultry wastes. National Research Council of Canada Panel on Animal
Wastes. Ottawa. pp. 23 (in press).
Weber, J.H. and S.A. Wilson. 1975. The isolation and characterization of fulvic
acid and humic acid from river water. Water Research 9: lO79-l084.
Whitby, L.M. l974. The ecological consequences of airborne metallic contaminants
from the Sudbury smelters. Ph.D. Thesis. University of Toronto pp. 354.
 
Whitby,
L.M.
and
M.
Schnitzer,
1978.
Humic
and
fuivic
acids
in
sediments
and
sorts
of
agriculturai
watersheds.
Can.
J.
Soil
Sci.
(in
press).
Wong,
P.T
3.,
Y.K.
Chau
and
P.L.
Luxon.
i975.
Methyiation
of
iead
in
the
environment.
Nautre
ggg;
263—264.
65
 
 APPENDIX
ABBREVIATIONS USED IN TABLES
ND - NOT DETERMINED
W — DETECTION LIMIT
T - VALUE BELOW CRITERIA 0F DETECTION
HA - HUMIC ACID
FA - FULVIC ACID
 
 APPENDIX TABLE
GENERAL
GROUP I
GROUP II
GROUP III
GROUP IV
GROUP V
WATERSHED
SITE 1
(176)
SITE 2
(176v)
SITE 3
(165)
SITE 4
(1765)
SITE 5
(175g)
 
1
DESCRIPTION OF SOIL SAMPLE SITES IN AGRICULTURAL WATERSHEDS
Key
to
Pollutant
Transfer
Potential
of
Soils
high potential for contribution to surface water, low potential
for
contribution
to
ground
water.
moderate potential for contribution to both surface water and
ground water.
high potential for contribution to ground water, low potential
for contribution to surface water.
low potential for contribution to both surface water and
ground water.
high potential for contribution to both surface water and
ground water.
BIG CREEK, ESSEX COUNTY
poorly drained clay till
represents the major soil in Watershed l
Brookston clay loam series
Group V pollutant transfer
poorly drained clay loam till
variant of Brookston clay loam series
Group V pollutant transfer
imperfectly drained sandy material over fine to moderately fine
textured till at 50—100 cm
Berrian series
Group IV pollutant transfer
50 cm of sandy material over poorly drained fine to moderately
fine till
, sandy phase Brookston series
Group V pollutant transfer
50 cm of gravelly sandy loam to gravelly loam over imperfectly
drained fine to moderately fine till
gravelly loam.phase Perth series
Group IV pollutant transfer
   
SITE 6
(176)
SITE 7
(175)
WATERSHED
SITE 7
(216)
SITE 2
(235)
SITE 3
(234)
SITE 5
(206)
WATERSHED
SITE 1
(026)
SITE 2
(025)
SITE 3
(024)
SITE 4
(013)
 
APP. TABLE 1 (cont'd)
poorly drained clay loam
unnamed series
Gr
ou
p
V
po
ll
ut
an
t
tr
an
sf
er
imperfectly drained loam
unnamed series
Group IV pollutant transfer
LI
TT
LE
AU
SA
BL
E
RI
VE
R,
HU
RO
N
CO
UN
TY
po
or
ly
dr
ai
ne
d
fi
ne
to
mo
de
ra
te
ly
fi
ne
te
xt
ur
ed
ti
ll
Brookston series
Gr
ou
p
V
po
ll
ut
an
t
tr
an
sf
er
im
pe
rf
ec
tl
y
dr
ai
ne
d
fi
ne
to
mo
de
ra
te
ly
fi
ne
te
xt
ur
ed
ti
ll
Perth series
Group 1 pollutant transfer
mo
de
ra
te
ly
we
ll
dr
ai
ne
d
fi
ne
to
mo
de
ra
te
ly
fi
ne
te
xt
ur
ed
ti
ll
Huron series
Group 1 pollutant transfer
poorly drained silt loam
unnamed series
Group V pollutant transfer
CANAGAGIGUE CREEK, WELLINGTON COUNTY
poo
rly
dra
ine
d s
ilt
y c
lay
loa
m t
o s
ilt
y c
lay
til
l
variant of Brookston clay loam series
Group V pollutant transfer
imperfectly drained silty clay loam to clay loam till
Perth silt loam series
Group 1 pollutant transfer
moderately well drained clay loam, silty clay loam,
silty clay till
Huron silt loam and Huron clay loam series
Group 1 pollutant transfer
well drained loam till
Harriston silt loam series
Group IV pollutant transfer
68
 APP. TABLE 1 (cont'd)
WATERSHED
5,
HOLIDAY
CREEK,
OXFORD
COUNTY
SITE 1
(046)
SITE 2
(043T)
SITE 3
(045)
SITE 4
(045)
SITE 5
(053)
SITE 6
(043)
WATERSHED
SITE 1
(266)
SITE 2
(265)
WATERSHED
SITES 1&3
(115)
SITE 2
(105)
SITE 4
poorly
drained
silt
loam,
loam
till
Parkhill
silt
loam
series
Group
V
pollutant
transfer
well
drained
10am
to
silt
loam
till
Guelph series
Group
IV
pollutant
transfer
imperfectly
drained
loam
to
silt
loam
till
London silt 10am series
Group
II
pollutant
transfer
imperfectly
drained
loam
till
London silt loam series
Group II pollutant transfer
imperfectly
drained
loam
till
over
gravelly
fine
sandy
loam
at 50-100 cm
unnamed series
Group II pollutant transfer
well drained loam till
variant of Guelph series
Group IV pollutant transfer
10, TWENTY MILE CREEK, LINCOLN COUNTY
poorly drained fine textured till
Lincoln series
Group V pollutant transfer
imperfectly drained fine textured till
Haldimand series
Group 1 pollutant transfer
13, HILLMAN CREEK, ESSEX COUNTY
imperfectly
drained
laminated
silt
and very
fine
sand with
less than 50 cm loam sand and fine sandy loam overburden
Tuscola series
Group II pollutant transfer
imperfectly drained loamy very fine sand
unnamed series
Group III pollutant transfer
imperfectly drained medium sand and gravelly sand
Brady loamy sand series
Group III pollutant transfer
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APPENDIX TABLE 2.
 
SOIL SITES GROUPED BY SOIL ORDER
LIVISOLS
4—2
4-3
4-4
10—2
13ml
13-3
GLEYSOLS
4-1
5-1
10—1
BRUNISOLS
5-2
13-2
70
APPENDIX TABLE 3.
PERCENTAGE OF EACH WATERSHED CONTRIBUTED BY EACH SOIL SERIES
AGl
AG3
AG4
AGS
AGlO
AG13
176
1765
175
175g
165
235
234
206
216
026
025
024
013
046
O45
043
053
266
265
115
1155
105
SERIES
(sites 1, 2, 6)
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
(site
ACTUAL %
81%
1%
7%
1%
5%
25%
22%
6%
30%
22%
42%
23%
1%
23%
24%
33%
6%
33%
41%
40%
13%
24%
 
%
—
 APPENDIX
TABLE 4.
WATERSHED 1 1 BIG CREEK! ESSEX COUNTY
5112 1 (176)
A9
BE1
as2
Ck:
$11: 2 (176v)
AP
as1
as2
Cks
SITE 3 (165)
Ap
Aegj
St
a!
1! Ckg
7
2
SITE a
(1765)
Ap
as
11 a;
SITE 5
(1753)
AP
A8
81
ital
1!
0kg
5112 a (176)
AP
n31
B82
0kg
SITE
7 (175
)
Ap
its
Cks
A5
8.
5
12
.0
ND
6
.
4
7
.
6
12.0
ND
12.0
3.6
3.
3
5.8
10
.0
3.0
3.5
19.0
8.5
13.0
20.0
N
D
1
.
7
1.
2
3.7
2.9
1.9
3.
4
3.2
Cd
PP“
1.0
0.6
1.
3
0.9
0.
6
0.6
1.1
0.5
0.
5
0.
1"
0.3T
0.
7
0.7T
0.2T
0.51
0.6T
0.5T
0.
3T
0.
10
1.0
0.7
0.8
1.0
0.6T
1.7
0.
9
Cr
PPIn
67.0
67
.2
82.0
95.0
51
.2
45.8
82.0
69.8
17
.5
10.2
10
.2
60
.0
35.0
17.5
70.0
65
.5
79.0
84.5
93.2
80.0
80
.8
85
.0
75.0
69.8
84.8
81.2
Cu
PPm
24.5
31.0
36.0
33.2
19.5
16.6
34
.4
3
1
.
5
5.0
10.0
15
.2
27.5
7.5
7.5
30.0
17.2
17.5
40.8
30.5
35.0
35.0
40.0
35.0
20.0
35.0
35.0
Hz
Pp
m
3
9
5
9
4
0
26
4
0
3
4
4
0
30
N
D
ND
38
26
4
6
36
26
ND
3
8
66
32
50
36
32
30
3
6
26
PPm
325.0
490.0
745.0
717.5
302.5
382.5
670
.0
490.0
102
.5
187.5
210.0
625.0
120
.0
187.5
562
.5
254.0
403.0
625.0
435.0
222.5
490.0
725.0
362.5
200.0
500.0
350.0
TOTAL
N1
PP
m
32.5
46.0
59.0
50.0
21.5
26.5
54.0
42.5
10.5
11.8
21
.5
48.2
14
.5
20.2
52.0
18.2
28.0
46.8
40.2
37.5
50
.0
67.2
41.5
23.2
57.5
42.5
HEAVY METAL CONCENTRATIONS IN SOILS
Pb
PPm
24
.0
20.2
20
.2
16.8
26
.5
18
.2
20.2
16.2
14.0
9.5
10.2
14.0
16.2
13.0
19.0
27.0
21.0
22
.8
19
.2
25.8
24.5
22.0
19.2
25.8
23
.2
19.2
S
e
PP”
0.51
0.51
0.40
0.28
0.
37
0.19
0.20
0.35
0.51
0.
03
0.05
0.30
0.37
0.
13
0.
39
0.43
0.69
0.28
0.46
1.
03
0.52
0.45
0.
62
0.56
0.
51
0.48
Zn
PPm
124.2
134.0
134.0
101.5
119
.2
70.8
101
.5
87.0
40.0
25.0
45.8
110
.0
60.0
50.0
115.0
9
2
.
5
70.0
105
.0
100.0
140.0
140
.0
137
.5
122.5
100.0
135
.0
127.5
A
1
Z
6.71
8.
54
8.
39
7.30
5.38
5.70
8.00
6.
34
3.28
5.16
4.
12
6
.
9
4
4.41
4.78
7.06
5.
19
5.55
7.52
6.
62
7.74
8.
12
8.59
7.22
6.16
8.39
7
.
3
4
F
e
1
2.85
3.95
4.42
3.72
2.21
2.73
3.75
3.05
0.
83
1.40
1.48
3.25
1.18
1.
54
3.78
2.
04
2.72
4.12
3.38
3.38
4.12
4.42
3.78
2.
82
4
.
4
1
3.69
2.25
0.61
0.41
1.90
2.81
0.45
1.11
2.58
1.93
0.14
0.48
3.06
2.06
0.99
1.53
4.11
1.
07
0.
74
2.
64
2.75
0.56
0.59
3.62
2.
37
0.78
2.29
0.22
0.
09
0.06
0.06
0.22
0.05
0.06
0.
05
ND
ND
ND
N
D
ND
ND
ND
ND
ND
ND
ND
0.29
0.
07
0.08
0.
07
0.17
0.
09
0.06
PP“
85
7
211
35
3
350
5
9
4
156
405
379
248
66
12
7
342
335
161
362
564
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0
2
3
4
363
ND
ND
ND
ND
ND
ND
ND
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>
4
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58
.1
52.1
46.6
25
.4
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.4
45.4
35.9
6.
4
1.8
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42.0
12.7
15
.2
38.1
16
.4
13.8
33.0
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.8
34.5
51.6
39
.7
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.4
47.1
39.5
ORGANIC
MATTER
Z
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3.
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0.
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1 3
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9
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9
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0
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1
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1
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pH
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Pb
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ss-r
ACTU
AL
 
SITE 7 (216)
- Ap
3.8
1.0
84.2
27.8
81
340.0
29.2
29.5
0.38
92.0
7.74
2.82
2.50
0.24
813
38.0
3.10
5.1
ND
7.6
Bg
3.9
0.41?
57.2
27.8
46
362.5
38.2
28.2
0.25
89.0
7.30
3.12
1.07
0.07
675
41.9
0.55
5.6
ND
7.5
Ckg
3.3
1.0
56.8
21.2
12
527.5
16.0
20.8
0.22
60.5
5.00
2.36
4.36
0.06
445
25.9
0.41
30.9
ND
8.0
SITE
2 (235
)
Ap
5.1
0.5T
72.5
25.0
95
1085.
0
33.2
23.2
0.44
110.0
6.94
3.28
3.75
0.34
740
35.2
5.96
1.9
0.1
7.2
Btgj
4.6
0.41"
67.5
25.0
23
745.0
37.2
19.5
0.16
85.0
7.52
3.50
1.09
0.07
547
36.1
1.06
3.5
2.7
7.6
Ckgj
4.1
0.3T
63.3
21.0
94
522.5
21.5
14.0
0.06
57.5
4.29
2.40
5.81
0.03
436
34.1
0.34
42.1
51 6
7.6
SIT
E 3
(23
4)
Ap
4.4
0.11:!
87.5
22.0
62
810.0
27.0
23.2
0.33
94.8
6.22
2.91
3.22
0.29
549
29.4
4.20
5.6
2.7
7.3
a:
6.2
0.114
77.5
29.0
30
720.0
38.0
17.2
0.17
80.8
6.58
3.51
1.33
0.05
533
56.5
1.09
5.2
2.5
7.5
Ckgj
3.2
0.191
50.0
21.8
12
452.5
20.2
13.5
0.05
52.0
4.15
2.10
5.55
0.03
403
35.6
0.61
39.0
50.7
7.6
7
3
SITE
5 (206
)
Apk
2.9
0.1"
65.0
43.2
100
290.0
28.0
19.5
0.80
93.5
5.30
2.40
5.54
0.38
1086
20.0
9.44
0.0
7.7
7.3
83 k1
ND
0.21
45.0
16.0
12
335.0
33.5
14.0
0.15
49.2
3.69
1.63
5.21
0.04
441
14.0
0.00
39.1
40.3
7.5
83 k2
ND
0.2T
45.0
21.0
6 4
62.5
31.0
11.2
0.14
51.2
3.88
1.48
4.90
0.02
446
14.3
0.08
36.5
44.0
7.5
Ckg
1.3
0.2T
40.0
22.0
6 5
62.5
35.8
11.8
0.10
55.5
3.81
1.49
5.05
0.02
490
17.8
0.15
37.3
42.7
7.6
  
 7
6
 
SITE
1
SITE 2
SIT
E 3
SIT
E 6
(026)
AP
as2
Ckg
(0
25
)
Ap
Btgj
Ckg
(026)
Ap
Btgj
Ck
gj
(013)
Ap
A
:
at
C
k
3.8
5.5
6.9
6
.
2
3.5
3.0
6
.
6
3.6
6
.
8
2.6
0.5
0.3T
0.5
0.3T
0.
1"
0
.
6
T
0.6T
0.1V
0.
10
0.1"
0.1"
0.1"
0.1”
52.8
6
6
.
5
67.8
60.0
61.0
61.0
6
9
.
8
59.8
3
2
.
5
60
.0
32.5
67.0
26.0
25.8
22.2
16.2
17.2
19.0
26.5
18.0
30.0
21
.6
18.5
15.5
25.2
19.2
57
30
2
1
57
56
51
6
5
4
2
4
2
53
24
1005.0
875.0
595.0
960.0
550.0
795.0
905.0
965.0
555.0
812
.5
807.5
967.5
597.5
22.5
31.5
18
.0
19.0
19.0
22.5
20.0
3
2
.
5
20.0
16.5
17.2
25.2
16.5
28.0
23.0
18.8
20
.2
13.2
16.5
2
1
.
5
20.8
12.5
26.0
22.5
26.0
21.5
0.66 97.5
0.07 100.0
0.05 66.2
0.26 69.5
0.01 66.2
0.16 69.5
0.39 79.0
0.25 93,7
0.14 50.0
0.18 90.0
0.17 80.0
0.12 100.0
0.02 62.5
A]
6.62
7.26
6.89
5.82
6.62
6.90
6.25
8.
01
6.70
5.99
6.02
6.86
6.75
Fe
3.29
6.07
3.05
2.59
2.
19
3.39
2.96
6.26
2.60
2.72
2.66
3.18
2.30
3.35
0.38
1.30
2.98
0.
86
6.92
2.57
0.68
6.88
2.35
0.36
1.16
6.55
0.
36
0.03
0.
03
0.22
0.
09
0.
06
0.
26
0.
06
0.
03
0.21
0.
03
0.05
0.01
679
699
610
535
620
55
9
576
631
667
598
322
670
679
>
‘
CI
A
3
5
.
1
38.1
25.8
18.7
28.8
27.9
26.5
6
7
.
6
35.6
18.5
13.5
27.3
17.0
ORGANIC
HAT
QER
5.66
0.61
0.61
6.16
2.
07
0.21
6.16
0.
69
0.21
3.26
0.61
0.35
0.
16
APP. TABLE 6 (cont'd)
CaCO
2
EST
3
0.0
1.1
8.
0
0.4
0.0
35.9
1
.
3
2.1
35.6
3.5
0.
9
7
.
2
33.5
CaCO
1 3
ACTUAL
6.7
5.2
10
.3
6
.
3
2.
3
60
.2
6.6
62
.3
27.6
ND
ND
ND
ND
 
pH
  
 
  
APP. TABLE I. (cont'd)
CaCO
CaCO
7. 3 7. 3 pH
EST
ACTUAL
 
ORGANICA5
Cd
Cr
Cu
Hg
Mn
Ni
Pb
5e
Zn
A1
Fe
C
N
P
CLAY
HATER
7. '4 'l. '1. gym
L
 
SITE
1
(01.6)
1
AP 2.3 0.3T 59.5 13.5 50 515.0 17.5 21.0 0.38 106.0 6.55 2.70 3.60 0.34 1507 24.6 5.24 4.2 ND 7.0
Aejg 2.0 0.1“ 59.0 10.0 50 665.0 19.0 19.0 0.24 99.8 6.67 3.12 1.35 0.13 1163 20.9 1.79 2.3 ND 7.0
8:131 5.5 0.114 61.8 10.4 68 457.5 20.0 17.8 0.07 96.8
6.80 2.52 1.04 0.10 1058 23.0 1.38
1.8
ND
7.0
Bl:ng 4.9 0.1" 74.0 20.4 26 560.0 24.8 18.0 0.06 70.0
6.88 3.89 0.37 0.03
850 23. 5 0.35
1.3 ND
7.1
Ckg 3.5 0.1" 42.0 16.8 10 542.5 15.2 15.8 0.02 48.0
4.80 2.18 3.65 0.01
560 17.6 0.21
26.4 ND
7.5
SITE
2
(0431‘)
Ap
7.1 0.1“ 54.2 18.6 50 990.0 18.0 21.0 0.24 77.8
5.99 2.61 2.49 0.26 900 18.1 4.07
1.0 ND
7.0
at]
5.0 0.114 40.8 21.7 61 950.0 24.2 20.8 0.09 72.8
6.60 3.05 0.89 0.09
552 20.0 1.17
1.6 ND
7.1
Ck
3.4 0.114 18.0 15.2 10 542.5 13.8 12.5 0.01 41.2
4.61 1.91 3.55 0.01 487 9.2 0.14
26.0 ND
7.5
SITE 3 (045)
Ap
4.8 0.157 49.5 16.5
43 ‘645.0
15.0 21.2 0.25 73.8
5.81 2.45 2.86 0.25
719
19.1
4.28
2.9
ND
7.0
Aegj
4.9 0.10 29.5 16.2
40 610.0
17.5 18.5 0.08 61.0
6.05 2.70 0.50 0.05
355
14.3
0.55
1.4
ND
7.2
Btgj
4.8 0.1“ 26.5 21.1
30 715.0
19.5 15.0 0.31 58.8
6.15 2.81 1.03 0.03 £1 400 18.9
0.41
5.9
ND
7.3
Ckgj
2.6 0.117 18.5 15.5 10 595.0
12.8 11.0 0.16 40.2
4.22 1.82 4.11 0.01
448
11.9
0.14
30.2
ND
7.6
SITE 4 (045)
Ap
5.0 0.1" 42.0 20.0
64 850.0
16.2 24.0 0.29 82.5
5.42 2.65 1.77 0.25
738
19.2
3.93
0.0
ND
6.2
Btgjl 4.6
0.1" 45.5 19.2
42 715.0
19.5 19.0 0.13 72.5
5.72 2.85 0.57 0.05
385
19.1
0.79
0.0
ND
6.5
8:332
5.0
0.1" 35.0 24.5
36 745.0
23.0 19.0 0.08 75.0
6.20 3.02 0.40 0.05
594
20.5
0.59
0.5
ND
7.2
Ckgj
2.7
0.117 26.0 18.0
7 522.5
13.2 12.7 0.03 47.8
3.69 1.55 4.16 0.01
464
12.5
0.21
30.3
ND
7.5
7
5
SITE
5
(053)
A9
4.2
0.1" 29.5 13.2
49 1035.0
17.0 22.2 0.20
70.0
5.17 2.49 2.02 0.18
707
14.8
3.24
0.0
ND
6.1
Ac
4.2
0.1" 32.8 14.0
34 722.5
17.2 19.5 0.13 60.0
5.57 2.62 0.40 0.04
438
11.3
0.76
0.0
ND
6.0
It
ND
0.117 34.5 30.2
44 910.0
27.0 22.5 0.11
77.5
5.49 3.46 1.15 0.04
787
24.8
0.48
6.5
ND
7.2
Ck
1.9
0.117 33.0 13.8
4 682.5
10.8 14.0 0.03
50.0
4.05 2.76 3.33 0.01
368
4.9
0.28
23.8
ND
7.3
SITE 6 (043)
A9
4.0
0.1"
42.2
14.5
46 1045.0
15.8
24.0
0.30
77.5
5.35
2.58
2.09
0.19
774
14.1
3.17
0.0
ND
6.8
A:
3.5
0.1" 29.8 13.5
52 1100.0
15.8 18.5 0.29
75.0
7.50 2.55 0.72 0.07
698
9.9
0.97
0.0
ND
5.9
'
Bl:
5.1
0.1" 43.0 27.8
30 757.5
24.0 19.0 0.12 75.0
6.29 2.92 0.17 0.02
550
17.9
0.21
0.0
ND
5.1
Ck
2.2
0.1" 1.5.0 15.0
8 592.5
12.5 14.2 0.08 43.5
4.22 2.04 3.22 0.01
466
8.5
0.21
23.3
ND
7.3
II Ck
1.0
0.1" 15.0 13.2
1 375.0
8.5 12.2 0.08 30.5
3.05 0.99
6.83 0.01
250
2.0
0.14
50.6
ND
7.4
 
  
  
UATERSHED 10 - WENTY MILE CREEK LINCOLN CWNTY
  
CaCO
As Cd Cr Cu Hg Mn Ni Pb Se Zn A1 Fe C N P ClAY 7. 7. pH
ORGANIC
3
J?” PPm P
PM 22m DDb
REE,
MATEER EST
ACTUAL
 
SITE
1
(266)
Ap 5.3 0.11: 60.0 15.0 36 365.0 20.5 24.5 0.23 80.0 6.78 3.48 2.76 0.17 396 37.7 3.21. 0.0 0.0 6.9
33 4.7 0.20 77.5 25.0 34 575.0 36.8 22.5 0.21 97.5 8.00 4.06 1.08 0.08 637 37.5 2.33 0.0 0.0 6.7
Ckg 5.0 1.0 92.5 30.0 24 505.0 28.5 15.2 0.07 92.5 7.48 3.9!. 3.05 0.05 624 57.2 0.08 22.5 24.8 7.7
SITE 2 (265)
Ap 8.1 0.1” 65.0 17.5 50 4295.0 24.5 33.2 0.58 162.5 7.36 6.29 3.63 0.30 2709 34.8 4.51 0.0 ND 5.7
Btgj 7.6 0.1W 87.5 37.5 31 575.0 47.3 24.0 0.22 130.0 7.02 4.75 0.52 0.10 584 57.5 0.90 0.0 ND 7.0
Ckg 5.6 0.1V 52.5 30.0 14 570.0 32.2 19.0 0.11 90.0 6.75 3.59 3.45 0.06 575 57.1 0.41 24.0 ND 7.7
7
6
 7
7
 
SITE-1 (1155)
AP
Aesl
11 Btgj
II Ckgj
SITE 2 (105)
AP
m
u
Km
2
Ba
Ck
g
SITE 3 (115)
AP
A981
11 Btgjr
II
3:33
2
11 Ckgj
4.3
3.0
4.0
3.3
4
.
3
4.4
2.6
10.0
ND
9.4
0.
1w
0.
10
0.4T
0.1W
0.
1w
0.1W
0.
1V
0.
1"
0.
1"
0.3T
0.3T
0.
1V
0.3T
0.10
20.0
34.2
25.5
47.0
27.0
31.0
17.0
17.0
18.5
35.5
15.5
54.5
33.8
35.0
13.8
10.6
30.5
25.2
9.5
8.
5
8.5
14.0
17
.2
14
.2
8.
4
31.2
29.0
30.8
 
36
20
3
9
3
9
3
0
1
2
1
2
18
1
2
53
24
12
N1
pgm 22m
255.0
607
.5
837.5
342.5
175.0
245.0
381.5
397.5
355.5
467.5
235.0
497.5
647
.5
600
.0
9.8
13
.2
26
.0
21.5
9.2
12.2
8.
7
12.5
14
.0
9.2
9.8
25.5
27.2
26.5
P
b
22m
23.2
12.0
21.8
16.2
22.0
9.8
9.8
10.2
10
.8
17.8
10.5
17.5
17.5
11
.0
Se
ppm
0.39
0.
15
0.19
0.08
0.25
0.28
0.
16
0.11
0.
03
0
.
2
4
0.
11
0.16
0.09
0.15
Zn
PPm
57.5
60
.2
7
7
.
0
69.8
4
9
.
8
31.8
23.8
35.0
50.5
49.5
34.0
65
.2
73.2
67.2
4.35
4.79
5.76
5.35
3.89
4.49
3.88
4.42
3.60
4.40
4.38
5.90
5.78
6.
44
Fe
Z
1.42
1.
99
2.90
2.31
1.
28
1.56
1.09
1.70
1.69
1.
59
1.38
2.88
2.96
2.88
 
1.
67
0.41
0.28
0
.
8
3
1.
03
0.
24
0.
17
0.
11
2.62
1.20
0.18
0.28
0.28
3.16
0.
12
0.03
0.
03
0.
03
0.
09
0.02
0.
01
0.
01
0.01
0.
11
0.01
0
.
0
4
0.02
0.
04
P
1011
314
307
474
510
178
14
3
21
6
38
3
60
9
181
289
493
49
4
CLAY
4 VJ-
7
.
6
10
.9
20.0
9.7
5.
3
1.
7
2.0
3.2
5
.
4
10
.0
7.0
23
.3
18
.9
38.6
ORG
ANI
C
MAT;ER
2.69
0.48
0.
14
0.28
1
.
7
9
0.
62
0.21
0.
14
0.35
1.66
0.48
0.35
0.28
0.28
APP. TABLE 4 (cont‘d)
CaCO
Z
EST
0.0
0.0
0.
0
0.
0
18.2
0.0
0.0
0.0
0.0
22.5
3
CaCO
Z 3
ACTUAL
N
D
ND
N
D
ND
ND
ND
ND
ND
ND
N
D
ND
ND
ND
pH
 7
8
APPENDIX
TABLE 5.
COR
REL
ATI
ON
COE
FFI
CIE
NTS
FOR
SOI
L A
HOR
IZO
NS
__
__
__
_—
__
—_
__
__
_.
_
CLAY
ORG
ANI
C M
ATT
ER
CARB
ONAT
ES
Al
F
e
Mn
.0
03
.1
2
.5
6
.08
-.
16
-.20
Cd
.5
8
.
1
4
Cu
.
5
7
.6
7
.09
.58
-.
01
.5
7
.1
3
Pb
.0
8
.0
9
.5
0
.6
8
.
3
3
.
3
9
-.
28
.3
2
.
7
6
.
3
8
.1
3
.
7
8
.8
1
.50
.89
.2
5
.
7
0
.5
1
.
2
9
.1
6
.3
1
-.
28
.3
1
F
e
.
7
3
.0
6
.8
0
.2
9
.1
8
-
.
0
4
r =
.37
sig
nif
ica
nt
at
.05
r =
.48
sig
nif
ica
nt
at
.01
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APPENDIX TABLE 6.
CORRELATION COEFFICIENTS FOR LUVISOLIC SOILS (n = 9)
A5
Cd
Cr
Cu
Hg
Ni
Pb
Se
Zn
C
N
P
A1
Fe
Mn
 
AB HORIZON
CLAY
.18
*
.80
.79
.70
.91
.58
.31
.84
.70
-.55
-.42
.94
.82
.61
ORGANIC MATTER
.35
*
.64
.66
.68
.80
.41
.15
.61
.81
-.49
.30
.73
.55
.40
A1
.16
*
.77
.82
.70
.82
.70
.17
.86
.65
-.05
.44
-
.86
.63
Fe
.35
*
.55
.50
.49
.63
.80
.33
.94
.53
-.35
.78
.86
-
.92
Mn
.46
*
.28
.19
.34
.39
.67
.28
.79
.40
-.44
.92
.63
.92
~
8 HORIZON
 
CLAY
-.11
*
.87
.55
.05
.75
.42
.47
.68
.39
.58
.13
.64
.78
.07
ORGANIC MATTER
-.10
.40
.19
-.14
.15
-.18
-.10
-.05
.40
.66
.18
.02
.10
-.14
A1
-.59
.78
.68
.11
.76
.71
.75
.83
.19
.24
—.13
-
.87
.35
Fe
-.35
.85
.87
.12
.82
.81
.62
.91
.17
.25
-.04
.87
-
.33
Mn
-.36
.03
.23
.03
-.16
.56
-.01
.15
.25
.30
.34
.35
.33
-
e
:
O
K
i
t
i
t
C HORIZON
CLAY
.26
ORGANIC MATTER
-.06
A1
.40
Fe
.35
1111
-.27
.62
.77
.18
.76
.23
.47
.63
.12
.88
.04
.67
.67
-.12
.74
.58
.17
.80
.16
.57
.71
—.17
.49
-.07
.49
.52
-.36
.62
.88
.06
.86
.45
.72
.87
-.42
.82
-.20
-
.91
-.03
.68
.77
.10
.79
.52
.66
.84
.78
-.18
.91
-
.05
-.50
—.40
-.28
-.31
-.22
-.36
-.33
.44
-.02
.24
r = .41 significant at .1
r : .48 significant at
r
r
 
= .61 significant at .31
= .72 significant an .001
 
#
#
i
'
i
i
l
 APPENDIX TABLE 7 .
ERELATION COEFFICIENTS FOR GLEYSOLIC SOILS (n = 9)
As Cd Cr Cu
Hg Ni Pb Se Zn
C N
P A1 Fe Mn
A2 HORIZON
CLAY
.52 .33 .66 .23 -.18 .57 .82 -.01 .45 -.30 -.56 -.06 .87 .86 .35
ORGANIC MATTER -.19 -.61 .01 .61 .71 .03 -.26 .38 -.02 .98 .85 .51 -.27 .01 .27
A1
.23
.39 .84
.32
.01
.63
.74
.21
.51 -.20 -.21
.05
-
.84
.25
Fe
.27 -.03 .63
.37 -.07
.51
.68
.20
.48
.07 -.29
.03
.84
-
.49
Mn
.09 -.25 -.08 .03 .01 -.16 .44 -.20 .02 .20 .33 .31 .25 .49 -
B HORIZON
 
CLAY
.11 .76 .52 .72 .87 .67 .68 .56 .83 -.68 .84 -.60 .85 .71 .42
ORGANIC MATTER .27 -.12 .38 .04 .25 .08 .28 .20 .25 -.20 .94 -.10 .39 .35 -.07
A1
-.09 .56 .73 .68 .83 .61 .70 {.49 .83 -.89 .76 -.68 -
.93 .48
Fe
.06 .42 .67 .51 .64 .47 .54 .37 .79 -.93 .50 -.68 .93 -
.64
Mn
-.02 .42 .19 .31 .14 .34 .06 .07 .57 —.50 .29 -.77 .48 .64 -
8
0
o
HORIZON
CLAY
.29 .74 .96 .76 .73 .49 .34 .29 .76 -.41 .87 -.20 .83 .89 -.02
ORGANIC MATTER .32 .37 .36 .64 .73 .60 .31 .92 .72 -.29 .42 -.92 .46 .47 -.31
A1
.11 .66 .80 .60 .81 .38 .54 .38 .80 -.75 .77 -.42 -
.98 -.04
Fe
.15 .73 .88 .70 .89 .42 .55 .45 .86 -.63 .80 -.46 .98 — -.12
Mn
.02 -.18 .06 —.25 -.23 .06 -.26 -.52 4.31 -.40 -.64 .46 -.04
z .52 significant at .1
.60 significant at .05
= .73 significant at .01
: .85 significant at .001
l
l
1
.
.
.
»
)
.
  
APPENDIX TABLE
8-
DTPA
EXTRACTABLE
METAL
CONCENTRATIONS
(ppm)
IN
SOILS
  
Cd Cu Ni Pb Zn
WATERSHED 1
Site
1
Ap
0.35
2.98
1.94
2.75
3.72
Bgl
0.16
2.27
0.60
1.22
0.70
Bg2
0.25
1.48
0.44
1.18
0.44
Ckg
0.14
1.48
0.28
1.16
0.30
Site 2
Ap
0.29
1.60
0.84
2.96
6.71
Bg2
0.15
1.47
0.28
0.88
0.29
Ckg
0.03
1.20
0.19
0.78
0.31
WATERSHED 3
Site
7
Ap
0.13
2.68
0.25
1.32
0.74
Bg
0.04
1.49
0.20
1.49
0.18
Ckg
0.04
1.16
0.08
0.72
0.18
Site 2
A
0.15
1.42
0.49
1.09
1.65
Aeg
0.07
1.32
0.26
0.71
0.27
Btgl
0.09
1.70
0.30
0.68
0.28
Btg2
0.07
0.83
0.20
1.03
0.14
C
0.05
0.37
0.12
0.80
0.04
Site 3
Ap
0.11
0.67
0.18
1.02
0.64
Bt 0.07 0.80 0.16 0.72 0.22
Ckgj 0.05 0.56 0.12 0.88 (0.04
81
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APP. TABLE 8 (cont'd)
  
Cd Cu Ni Pb Zn
WATERSHED 4
Site Ap 0.16 1.75 0.79 1.22 1.85
Al 0.16 1.29 0.48 1.51 2.59
Bgl 0.05 0.62 0.22 1.19 0.25
Bg2 0.04 0.64 0.20 1.39 0.28
Ckg 0.04 0.59 0.15 1.11 0.18
Site
Ap
0.12
0.77
0.26
1.08
0.86
Bg
0.06
0.85
0.19
0.69
0.27
Btg
0.05
0.41
0.08
0.71
0.15
Ckg <0.02 0.39 0.09 0.42 0.23
Site
Ap
0.10
0.77
0.28
0.68
1.00
Ae
0.04
1.05
0.21
0.62
0.66
Bt
0.04
0.89
0.21
0.75
2.25
Ckg
0.03
0.44
0.12
0.62
0.67
Site
Ap
0.10
0.76
0.22
1.05
1.80
A82
Bt
0.05
0.86
0.15
1.20
0.60
Ck
<0.02
0.39
0.11
0.72
0.36
WATERSHED 5
Aeg
0.04
0.40
0.20
0.70
0.58
Btgl
0.04
0.47
0.15
0.80
0.66
Bth
0.02
0.54
0.13
0.75
0.22
Ckg
<0.02
0.43
0.08
0.67
0.30
Site
Ap
0.08
0.53
0.25
0.75
1.43
Ae
0.06
0.60
0.16
0.44
0.50
Bt
0.03
0.60
0.14
0.49
0.26
Ck
0.02
0.92
0.07
0.32
0.22
Site
Ap
0.09
0.85
0.22
0.80
1.16
Ae
0.05
0.55
0.06
0.98
0.15
Btg
0.04
0.53
0.11
0.63
0.16
Ckg
<0.02
0.28
0.06
0.55
0.16
82
 
  
  
DTPA
EXTRACTABLE
METAL
CONCENTRATIONS
(ppm)
IN
SOILS
Cd
Cu
Ni
Pb
Zn
WATERSHED 5
Site
4
Ap
0.15
1.05
0.38
1.96
2.42
Btgl
0.04
0.43
0.09
0.46
0.30
Bth-
0.05
0.62
0.12
0.57
0.36
Ckg
<0.03
0.34
0.07
0.55
0.22
Site
5
Ap
0.09
0.43
0.18
1.07
0.87
Ae
0.04
0.23
0.07
0.53
0.18
Bt
0.06
0.86
0.14
0.75
0.50
Ckg
<0.02
0.24
0.07
0.61
0.36
Site
6
Ap
0.09
0.41
0.16
1.12
1.07
Ae
0.03
0.38
0.11
0.34
0.20
IIBt
0.03
0.45
0.10
0.49
0.28
IICk
0.02
0.44
0.05
0.50
0.31
IIICk
<0.02
0.23
0.06
0.35
0.25
WATERSHED 10
Site
1
Ap
0.06
0.85
0.47
1.48
0.44
Bg
0.03
1.40
1.47
1.19
0.30
Ckg
0.03
0.87
0.12
0.67
0.05
Site
2
Ap
0.09
0.83
0.81
0.99
1.98
Bt
0.05
1.54
0.61
1.29
0.60
_
Ckg
0.03
0.70
0.14
0.99
0.05
;;
:11
1’4
1!:
H
83
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 DTPA EXTRACTABLE METAL CONCENTRATIONS (ppm) IN SOILS
APP. TABLE 8 (cont'd)
Cd Cu Ni Pb Zn
WATERSHED 13
Site 1 Ap 0.12 1.10 0.23 0.75 1.59
Aeg 0.04 0.45 0.12 0.35 0.25
Btg 0.05 0.93 0.21 0.86 0.34
Ckg 0.05 0.75 0.11 0.86 0.17
Site 2 Ap 0.11 0.64 0.16 3.28 1.22
Bml 0.02 0.15 0.04 0.19 0.05
Bm2 0.02 0.18 (0.04 <0.14 0.06
Bg 0.04 0.45 0.04 0.52 0.14
Ckg 0.11 0.46 0.06 0.28 0.22
Site 3 Ap 0.16 1.53 0.22 1.42 1.13
Aeg (0.02 0.35 0.05 0.36 0.07
Beg 0.05 0.79 0.16 0.88 0.22
Btg 0.06 1.00 0.28 1.04 0.27
2 Ck 0.02 0.73 0.16 0.57 0.22
84
 
 APPENDIX TABLE 9.
 
CORRELATION COEFFICIENTS FOR DTPA EXTRACTIONS OF Ap SOILS
Clay
Organic Matter
Al
Fe
pH
Cu
Ni
Pb
Zn
(total)
(total
(total)
(total)
(total
(total)
Cu
.54
—.O3
.37
-.01
.11
.69
Ni Pb Zn
56 —.02 .14
.14 —.34 .10
.35 -.27 -.05
31 —.28 —.03
- 21 —.43 -.04
.54
.05
.48
85
H
.37 significant at
.48 significant at
.05
.01
8
6
 
APPE
NDIX
TABL
E 10
.
 
WATER
SHED
1
WATERSHED 3
WATER
SHED
a
WATER
SHED
5
HATERSHED 10
WAT
ERS
HED
13
TOT
AL
C
21.1
31.8
27.6
27
.9
27.0
12
.A
ORGANIC
C
TOT
AL
g/kg
SOIL
20.8
29
.3
26.9
26.6
26.2
12
.h
TOT
AL
5
 
4.0
ANA
LYS
IS
OF
SOI
LS
pH
6.
9
6.8
C/N
RATIO
USED FO
R THE E
XTRACTI
ON OF
HUMIC A
CIDS (H
A) AND
FULVIC
ACIDS
(FA)
TOTA
L
HUMI
C
FULV
IC
ORGA
NIC
ACID
ACID
MATT
ER
YIEL
D
YIEL
D
 
g/kg
SOIL
35.8
13.1
5.7
50.3
3.6
6.6
66.3
11.2
5.9
66.
0
16.6
9.2
45.0
2.7
1.5
21.3
6.3
2.8
HA+
FA
YIE
LD
52.5
20.2
36.9
56
.1
h2.7
A1
Cd C
r
Cu
Mn Ni
P
b
  
rag/s
61.0
69.1
60.0
57
.2
75.2
38
.7
goxL
2
3
.
3
35.8
27.5
23.9
35.8
50
.0
44.5
23.8
25.0
98.8
16
.6
21
.3
22.5
16
.0
ug
/g
SO
IL
265
.0
695
.0
830
.0
700.0
3718.0
158
.0
26.5
32.0
2A
.5
25.0
24.5
24
.0
31.5
23.3
117
.5
101
.3
89
.5
88.6
11
5-
2
51
.5
 8
7
APPENDIX TABLE 11
 
ULTIMATE ANALYSIS, FUNCTIONAL GROUP ANALYSIS AND TOTAL HEAVY M ‘ ‘AI, CONCENTRATIONS 0F HUMIC ACIDS (HA) EXTRACTED FROM AGRICULTURAL SOILS
YIELD
C H N S O A511 134/
TOTAL TO’IAI PHFNOLIC A1 Fe
Cd Cr Cu Ni Pb Zn
E6
ACIDITY CARHOXYI. OH
  
g/kg SOIL
mg/g HA
pg/g HA
 
 
wATERSHEDl 13.1
55.3 6.1+ 3.5 1.0 35.9 10.6
10.9
9.7
4.6
5.1
26.3 4.2
 
40.0 107.7
13.5 ND
15.1
WATERSHED 3 3.6 47.9 6.5 5.0 0.6 39.8 14.1 4.1. 9.6 3.0 6.6 16.8 20.8 ND 57.7 181.2 30.4 93.9 81.6
HATERSHED A 16.9
54.1 5.3 2.8 _ 1.2 36.7 6.9 A.1
9.3 5,7 3.6
ND 5.7 ND 75.7 106.9 15.9 1.5 64.3
WATERSHED 5 16.5
52.6 6.7 3.1a 0.9 36.5 8.1 4.8
9.0 14.8 4.7
27.1: 5.7 ND 38.7 82.0 11.7 ND 13.3
WATERSHED 10 2.7
52.2 6.0 6.0 0.9 37.0 16.6 3.5
ND ND
ND
20.5 214.1: 6.2 2778.7 279.1» 476.0 I402.2 119.1;
NATERSHED 13 6.3
56.0 6.1 3.1 1.0 33.6 13.2
lulu
8.9
6.8
2.1
1.2.7 5.2
ND 50.7 78.8 29.3 3.5 31.0
AVERAGE NATER-
SHED SOIL H
A 9.5
52.9 6.2
3.6 0.9
36.4 11.5
4.5
9_3 5
.0
4.3
MEAN HA
56.2 10.7 3.2 0.8 35.5
4.8
6.7
3.6
3.9
* from Schnitzer (1977)
. 3:...
8
8
AP
PE
ND
IX
TA
BL
E
12
_
_
_
_
_
_
—
-
—
-
—
—
Y
I
E
L
D
'
4
g/
kg
so
n
un
an
sm
an
1
5.
7
UA
TE
RS
HE
D
3
6.
6
WA
TE
RS
HE
D
z.
5.
9
wn
ms
uz
b
5
9.
2
w
n
a
n
s
u
s
n
10
1.
6
WA
TE
RS
HE
D
13
2.
8
AV
ER
AG
E
WA
TE
R-
SH
ED
SO
IL
FA
5'
3
*
M
E
A
N
F
A
*
fr
om
Sc
hn
it
ze
r
(1
97
7)
UL
TI
MA
TE
AN
AL
YS
IS
,
FU
NC
TI
ON
AL
GR
OU
P
AN
AL
YS
IS
AN
D
TO
TA
L
HE
AV
Y
ME
TA
L
CO
NC
EN
TR
AT
IO
NS
0F
FU
LV
IC
AC
ID
S
(F
A)
EX
TR
AC
TE
D
FR
OM
AG
RI
CU
LT
UR
AL
SO
IL
S
45.0
46
.5
46
.5
43
.3
41
.7
45
.4
44
.7
45
.7
1
6.8
7.0
6.
0
2
3
‘
!
S
1
1.
9
0
AS
H
E4 I
TO
TA
L
2
£6
ACI
DIT
Y
TO
TA
L
PH
EN
OL
IC
A1
Fe
CA
RB
OX
YL
OH
me
q/
g
FA
42
.8
22
.0
4.
8
14
.7
7.
6
7.
1
17
.9
4.
7
36
.7
22
.9
3.
2
9.
0
4.
3
4.
7
31
.0
17
.3
43
.6
16
.6
5.
5
13
.5
7.
0
6.
5
5.
5
13
.8
44
.9
22
.4
5.
1
11
.5
6.
6
4.
9
23
.1
6.
3
47
.5
20
.3
3.
4
ND
ND
ND
19
.5
3.
6
41
.6
28
.9
6.
8
12
.4
7.
1
5.
3
30
.0
3.
7
43
.5
22
.2
5.
1
12
.2
6.
5
5.
7
44
.8
9.
6
10
.3
8.
2
3.
0
Cd
Cr
Cu
Ni
Pb
 
Z
n
 
ND
ND
N
D
N
D
8
5
.
7
ND
67
.8
59
.2
925
.6
226
.5
12
80
.9
2
1
4
3
.
3
P
g
/
g
M
76
.8
94.8
5
9
.
7
10
1.
4
592
.0
11
6.
4
6
9
.
3
8
7
.
7
10
3.
9
9
8
.
7
134
.1
4
0
.
3
N
D
10
0.
9
ND
8
9
1
.
0
8
7
.
5
96
.1
39
.0
 
 8
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APPENDIX TABLE 13
WATERSHED l - B
IG CREEK, ESSEX
COUNTY
DEAN VALUES FOR
TUFAL METAL CONC
ENTRATIONS IN SO
IL REPLICATES
n is the number of replicates
Cr Cu Mn Ni Pb Zn A1
ppm ppm ppm ppm ppm ppm 1
SITE 1
 
7.
7.
A 110mm
MEAN 55.5 t 15.9 24.6 $1.0 275.8 i 38.6 30.1 i 2.5 23.9 t 3.5 115.7 : 11.0 6.63 + 0.30 2.61 :
(6:5) SE 0.4 17.2 1.1 1.6 4.9 0.13 0.0
cv 4 1 14.0 8.3 14.6 9.5
7 3
.16 2
.10 + 0.
15 0
.212 t 0
.012
7.1 0.06 0.005
28.6 7.1 5.6
8 HORIZON
MEAN 57.5 i 10.0 33.0 t 1.8 492.0 : 55.4 47.4 1: 3.4 21.6 2: 2.7 131.7 f 7.0 7.86 + 0.54 3.62 + 0.26 0.49 + 0.09 0.078 1 0.009
(n=5) SE 4.4 0.8 24.7 .5 1.2 3.1 0.24 0.11 0.04 0.004
cv 17.4 5.4 11.3 .2 12.5 5.2 6.9 7.2 18.3 11.5
v
-
‘
l
‘
0 110mm:
MEAN 64.3 i 18.5 34.0 $1.7 539.0 : 110.5 49.8 t 1.7 20.2 i 2.7 114.2 1 8.1 7.63 +1.07 3.63 + 0.60 1.60 + 0.28 0.006 :r 0.007
(11:5) 51: a. 1.2 3.6 0.47 0.26 0.12 0.003
8.
7.1
2
7
0.7
CV Z 8 .0 20.5 3.4 13.14 10.0 16.5 17.5 10.6
SITE 2
A HORIZW
MEAN 65.5 i 5.1 20.0 i 0.9 272.0 i 19.9 22.6 t 1.0 24.8 i 3.3 117.0 : 5.5 5.61+ 0.39 2.28 i 0.06 2.63 .t 0.20 0.249 1 0.014
(6:5) SE
1.4 2.4 0.17 0. 2 8
4.7
2
2 2 .14
4
CV 7.8 5
[4 13.3
0
8.8 0.
4. 7.3 4.
8 110812011
MEAN 58.0 i 8.2 24.9 t 8.1 538.4 : 113.2 44.4 i 10.7 20.7 i 4.0 94.7 i 13.0 7.02 + 0.80 3.21 i 0.66 0.56 + 0.09 0.071 t 0.015
(n—s) SE 3.7 3.6 50.6 4.7 1.8 5.8 0.35 0.29 0.04 0.006
cv 14.1 32.5 21.0 24.1 19.3 13.7
11.4 20.5 16.0 21.1
0 110111201:
MEAN 62.3 :11.5 32.3 $1.7 509.0 1 83.2 47.1: 5.9 20.0 i 4.2 96.5 t 5.5 6.84 + 0.53 3.21+ 0.22 2.16 i 0.41 0.064 t 0.008
(6:5) SE 5.1 0.7 37.2 2.6 1.8 2.4 0.23 0.09 0.18 0.003
cv 18.5 5.3 16.3 12.5 21.0 5.7
7.7 6.8 18.9 12.5
SE - standard error
CV - coefficient of variation
  
   
WATERSHED 3 — LITTLE AUSABLE RIVER, HURCN COUNTY
Cr
Cu
Mn
Ni
Pb
Zn
PP‘“
PP'“
PP!“
PP'“
PP?"
PP'“
SITE 1
Fe
C
N
 
A HORIZON
MEAN
71.11343
27.4:0.6
335.8:9.2
29.5: 1.2
29.7:0.5
92.1 i 1.0
7.28+0.50
2.77 $0.10
2.50i0.07
0.14 £0.11
(n=6) SE
14.2
0.2
3.7
O
4
2
CV
49.1
2.2
2.7
4.
B HORIZON
MEAN
79.6 i 15.6
28.11 0.7
357.5 : 17.8
37.3 i 1.8
27.0 t 2.1
90.3 $1.5
7.12 + 0.23
3.28 i 0.22
1.13 + 0.26
0.06 + 0.01
(n=6) SE
6.3
0.2
7.5
0.7
8
CV
19.6
2.5
5.0
4.8
C HORIZQI
MEAN
57.1 i 1.9
22.2 i1.0
557.5 i 59.4
16.0 i 0.1
20.6 i 0.7
61.8 i 3.6
4.76 + 0.29
2.49 + 0.26
4.23 + 0.59
0.03 + 0.01
(n=6) SE
0.7
0.4
24.2
0.3
1.4
0.11
0.10
0.24
0.01
CV
3.3
4 5
1.1
3.4
5.8
.
~
~
o
D
O
SITE
2
A HORIZON
MEAN
74.2 i 2.0
26.7 1’ 2.6
1076.7 1 31.1
33.3 t 0.8
23.1 i1.1
110.0 f. 0.6
7.14 + 0.10
3.28 i 0.03
3.81i 0.21
0.34 i 0.02
(n=6) SE
0.9
1.0
12.6
0.
1
8
1
CV
2.7
9.7
2.9
2
9
0
3
0.5
0.2
0
.4
4.8
0.5
1.4
0.
B HORIZW
MEAN
48.3 t 16.3
25.8 i 2.0
852.5 i 57.2
39.6 i 4.4
20.2 t 1.1
103.3 :18.6
7.60 i 0.70
3.64 + 0.45
1.49 + 0.32
0.10 + 0.02
8
(n=6) SE
7.4
0.9
23.3
1.7
0.
CV
37.9
7.8
6.7
11.1
5.
5
7.5
4
18.0
C HORIZCN
MEAN
54.4 i 12.3
21.4 i 0.7
532.5 1 38.6
22.5 t 1.2
13.8 $1.0
59.2 i 2.0
4.47 4‘ 0.33
2.43 i 0.23
5.34 + 0.40
0.03 + 0.01
(n=6) SE
0
15.7
0.5
9
6
5 3
5.
0.4
0.
CV
22.
7.2
7 2
3.
9
2.
N
n
o
n
SITE 3
A 110121200
MEAN
82.3 1 9.9
21.7 t 1.4
816.3 : 22.4
26.6 1 2.1
26.7 11.2
96.2 t 3.9
6.21: 0.29
2.64 1 0.02
3.49 + 0.06
0.30 i 0.01
(n=6) SE
4.0
0.8
0.4
1
0.02
0.01
2.0
7 9
4.5
3.3
9.1
CV
1
2.7
.
O
.
4
4
7
m
u
n
c
0
0
n 1101112014
MEAN
88.5 i 12.9
30.7 i 4.2
784.0 1 192.7
30.9 t 14.5
20.1 t 2.5
87.7 i 15.3
4.52 + 1.41
6.56 t 2.21
3.21 + 1.99
0.07 t 0.02
(n=6) SE
5.2
1.7
78.6
5.9
1.0
6.2
0.57
0.90
0.81
0.01
cv
14.6
13.7
24.6
46.9
12.4
17.4
31.2
33.7
61-.9
26,6
0 HORIZCN
MEAN
43.0 _+_ 9.1
21.9 t 0.3
450.5 : 3.0
30.4 1 17.4
13.6 i 1.1
54.5 t 2.3
4.27 1 0.14
2.12 i 0.09
6.12 i 0.15
0.06 + 0.02
(n=6) SE
3.7
o.
3.2
7.1
0.4
.9
0.05
0.03
0.06
0.01
CV
21.2
1
1.3
57.2
0.1
2
3.2
4.2
2.4
33-3
"
‘
\
7
.
  
9
1
WAT
ERS
HED
4 -
CANA
GAGI
CUE
CREEK
, HE
LLIN
GTON
CWNT
Y
APP
. T
ABL
E 1
3
 
SITE 1
PP“
Cu
Mn
N 1
Pb
Z n
PPm
PP‘“
PP‘“
PP‘“
PP‘“
A1
7.
Fe
A HORIZON
ME
AN
(n=5)
SE
C
V
8 HORIZON
ME
AN
(n=5)
SE
C
V
C HORIZG‘J
ME
AN
(11:5) SE
C
V
SITE 2
A HORIZCN
' MEAN
(n=5
) S
E
C
V
B HORIZCN
MEAN
(n=5)
SE
C
V
C HO
RIZQ
J
WAN
(n=5)
SE
C
V
SITE 3
A HORIZW
ME
AN
(n=5)
SE
C
V
B HO
RIZW
MEAN
(n=5) SE
C
V
C HOR
IZON
MEAN
(n=5)
SE
C
V
53.6
i 15.
2
6.8
28.5
65.
2 i
18.
7
8
.
3
28
.7
62.3
i 13.
9
68.5 t 10.2
65.0
i 11.
3
71.5 i 8.5
3.8
11
.9
67.9 1‘ 10.4
4.6
15
.3
60.
7 t
14.
7
20.3 t
5.5
854.0 :
89.6
2.6
60.1
1
27.1
10.5
13.
96.
2
t
5.2
2.3
18.5
5.5
26.2 i
6.7
894.0 :
23.8
0
10.6
6
2.7
34.1 $
2.7
97.71
3.2
3.
1.2
1.4
25.
7.9
3.3
21.7 i
5.7
741.6 :
137.6
29.8 i
9.2
2.5
61.5
4.
0
1
3 1
26.3
18.6
3 .9
34.0
17.4
20.6
i 7.
0
76.0
i13
.2
16.3
i 5.1
768.0
ft 125
.1
23.4
11.5
83.8
i 9.3
2.2
55.9
1.0
0.6
4.1
31.3
16.3
11.7
6 4
622.5
i 136.
5
2.1
61.0
2.2
1.7
8 0
22.7
21.9
20.2
20.9
24.0
21.5 t
3.3
583.0 i
117.1
1.6
52.6
1 5
15.3
20.1
18.8
23.4 i 2.8
819.0 : 62.
6
27.9
1.8
1.2
12.0
7.6
16.7
23.6
i 2.
2
104.
8 f
17.3
0.9
7.7
9 3
16.5
22.9 i 1
0.3 9
01.0 f 5
5.7
23.4 $1.
8
6
24.9
1.2
0.8
0
6.2
7 7
103.2
f 7.4
4.
3.3
45.
7.2
20.7 i 2.
0 61
5.5 t 89
.9
16.3 i 3
.6
0.8
40.2
2.5
1.6
9.7 14.6
26.5 22.1
66.1
i 18.
5
5.92
t 0.1
1
0.04
1.
9
6.0
6 t
1.1
0
0.
69
18
.2
5.1
7
t 1
.06
0.66
20.1
2.0
7 i
1.3
4
0.
59
64
.7
0.8
2 i
0.1
4
0.06
17.0
6.06 t 0.78
0
.
3
4
19
.3
0.3
26
t 0
.01
5
0.0
06
6.6
0.0
63
t 0
.01
7
0.0
07
26
.9
0.0
60
1: 0
.01
1
0.
00
6
27.5
0.230
1 0.01
0
0.
00
4
4.3
0.
07
1
t
0.
01
4
0.0
06
1
9
.
7
0.0
26
t 0
.00
7
0.0
03
29.1
0.348
t 0.06
6
0.0
29
18
.9
0.09
1 i
0.0
24
0.0
10
26
.3
0.0
27
: 0
.00
6
0.0
02
14.8
  
 9
2
WAT
ERS
HED
5 - HO
LIDAY C
REEK, OXFORD COUNTY
APP. TABLE 13 (cont'd)
SITE 1
A HORIZCN
(n=5)
MﬂN
SE
CV
13 HO
RIZC
N
(n=5)
MEAN
SE
C
V
C HOR
IZON
(n=5)
SITE 2
A
HO
RI
ZW
(n=5)
3 HO
RIZC
N
(n=5)
C HOR
IZON
(n=5)
MEAN
SE
C
V
MEAN
SE
CV
ME
AN
SE
C
V
MEAN
SE
C
V
Cr
PP'“
53.5 i 5.1
2.2
9.5
52.7
i 6.
3
2.8
12.0
40.1 i 5.3
49.1: 8.8
3.3
17.9
41.5 i 8.3
3 7
2.0
25.6 1' 5.6
18.6 :1.4
18.6
.t 0.
9
23.2 i 2.6
1
19.5 t 2.8
1
Cu
m
m
0.
6
7.5
0.4
1
0
.
8
1.
1
1.
2
1.2
4.4
pp
m
541
.0
:
58.
4
26.1
10.8
469.5
*1 45.4
20.3
9.7
505.5 ‘1 24.1
10
.7
1
1
.
7
665.0
: 85.
3
38.1
9.9
821.0
1 86.1
:
38.6
10.5
585.5
121.7
9
3
7
8
Ni
PP’“
17.1
i 1.
3
17.3
$1.1
22.7
i 2.
2
0.
9
9.7
17.8
t 2.
5
1.
1
110
.0
Pb
PP‘“
24.2 i 3.6
1.6
14
.9
15.9
i 4.
2
1.8
2.6
22.
7
i
1.7
Z
n
ppm
57.3 i 5.6
m
e
n
80.3
: 5.
3
m
e
N
o
69.8
t 4.
2
1.8
6.0
A1
Fe
0.343
t 0.00
1
0.001
0.2
0.
06
6
t
0.
01
7
0.
00
7
25
.7
0.0
22
1 0
.00
1
0.0
01
4
.
5
0.06
1 t
0.0
20
0.0
90
3
2
.
7
0.208
t 0.00
0
0.002
2.8
  
APP. TABLE 13 (cont'd)
h
H TERSHJED 10 - WENT“! MILE CREEK, LINCOLN CGJNTY
Cr
Cu
Mn
Ni
Pb
Zn
A1
Fe
s
1: 1
.u
pm
pm
PP'“
ppm
ppm
ppm
1
4
x
o
r
!
A 1101112011
.
112411
65.0 t 5.0
19.0 t 2.2
356.0 : 17.5
24.2 i 2.5
25.6 - .2
92.0 i 6.7
7.14 t 0.20
3.48 i 0.11
2.82 + 0.83
0.18 i 0.01
(n=6) SE
2.0
0.8
7.1
1.0
1
cv
7.7
11.6
4.9
10.3
8 1101mm
mm
83.5 i 14.1
29.0 i 5.5
605.0 1“ 96.4
26.5 i 5.8
23.6 +1.1
107.5 110.9
8.43 i 0.84
4.53 i 0.87
0.99 + 0.20
0.07 + 0.01
(n=6)
81-:
5.7
2 2
39.3
2.3
0.4
4.4
0.34
0
cv
16.9
19.0
15.9
21.9
4.7
10.1
10.0
19.2
20.2
14.3
0 1101112011
mu
72.5 t 20.2
30.0 i 0.0
518.0 1 9.7
21.0 i 4.3
18.9 i1.1
93.5 _+_ 2.2
7.47 i 0.07
3.88 1 0.11
3.10 i 0.14
0.04 + 0.01
(n=6) S15
8.2
—-.
3.9
1 7
0.4
0.9
0.
5
.
cv
27.9
0.0
1.9
20.4
5 8
2.4
0
SITE
2
A HORIZON
MEAN
66.0 i 6.5
15.5 $1.1
31491.0 : 1068.1
24.6 t 0.4
32.2 i 3.4
1147.5 i 9.5
7.014 + 0.44
5.71+ 0.82
3.44 + 0.37
0.31 + 0.02
(n=6) SE
2.6
0.14
1435.9
CV
9.8
7.1
30.6
9
3
n
o
O
v
—
t
.1
1 3
.6
10.6
8 1101112011
MEAN
85.5 116.6
38.5 i 2.2
733.0 1‘ 119.8
47.7 i 1.3
24.3 i 1.0
141.0 i 7.4
8.39 i 0.83
4.77 i 0.11
0.52 i 0.03
0.08 + 0.01
(n=6) 52
6.7
0.4
3.0
0.33
0.04
cv
19.4
4.1
5.2
2 3
c HORIZON
MEAN
60.5 116.6
30.0 i 0.0
554.0 1 23.0
32.2 t 1.2
19.8 1‘ 0.8
88.0 i 2.7
6.63 + 0.45
3.44 i 0.23
3.43 i
(n=6)
SE
6
g
7
CV
2
7
9.3
.4
0.0
4.2
0
.
A
.
I
n
0
~
~
.
.
—
4
m
3
O
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APP. TABLE 13 (cont'd)
 
51185 1
, 2, 3
,
A and 6
C
r
PP
“
C
u
PPm
PPm
N1
PPm
Pb
ppm
Zn
PP
m
A1
Fe
A HO
RIZO
N
(n=5)
MEAN
SE
C
V
B
HO
RI
ZO
N
(n=5)
MEAN
SE
C
V
C HOR
IZON
(n=5)
$17
85
2, 3
, 4
,
5 a
A HO
RIZO
N
(n=5)
3 HOR
IZON
(n=5)
C
HO
RI
ZO
N
(n=5)
MEAN
S
E
C
V
nd 6
 
MEAN
SE
CV
ME
AN
SE
CV
ME
AN
SE
C
V
79.6
t 16.
9
21.2
101.4
115.5
6.9
15
.3
70.5 i 12.4
5.
5
17.6
83.
5 i
14.
9
17.8
103
.1
1‘ 1
3.4
13.0
66.7
i 14.
3
2
1
.
4
22.1 i 5.8
26
.2
36.7
i 2.
7
7.9
33.6 t 4.0
11
.9
1305.4
t 1258
.4
561
.8
96
.4
673.1
i 63.
5
28
.3
9.
4
548.9
1 28.1
12
.5
5.1
1398
.7 t
1185
.6
84.8
707.4 t 64.1
9.1
580.3
1‘ 57.
4
9.9
18.9
i 5.
2
27.5
31.7
i 9.
1
28
.7
22.0
i 6.
2
28.2
29.1 i 3.1
10
.7
23.
7
t
2.7
11
.4
112.2
i 22.5
10
.0
20.1
112.7
i 16.1
7.2
14
.3
86.
6 t
7.1
3.2
8.
2
118
.9
i 1
9.8
16
.6
112.2
: 16.
3
14.5
84.
0 i
6.3
7.5
6.82
i 0.8
0
1
1
.
7
9.29
i 0.7
1
7.6
6.98
i 0.6
5
9.3
4.23 i 0.91
21.5
5.01
t 0.2
5
5.0
3.71
t 0.3
5
9.4
3.0
5 t
0.3
7
0
.
1
7
12.1
2.45 i 0.63
26.5
0.71 i 0.16
22
.5
2.83
i 0.5
9
20.8
0.0
0 i
0.0
3
0.
01
37.5
0.2
2 1
0.0
6
27.3
0.0
9 i
0.0
3
33
.3
0.0
7 t
0.0
4
57
.1
   
APP . TABLE 13
WATERS
HED #1
O
 
2
Al
F
C
N
SITES 2’
3'
17:11
1:61;:1
1:39
prim
1:111:11
17an
7-
':
7-
"/—
1. and 6
A HORIZON
MEAN
83.2 117
.1 2
1.2 t 6.
3 154
2.6 i131
7.5 1
9.3 i 5.
8 28
.6 i 3.3
117.2 i
22.11
6.73 + 0
.85
14.33 i 1
.00
2.50 + 0
.714
0.23 + 0
.07
(n=6) SE
8.6
3.2
658.8
2.9
1.7
11.2
0.112
0.50
0.37
0.011
CV
20.6
29.7
85.14
30.1
11.5
19.1
12.6
23.1
29.6
30.4
8 110
111201
1
MEAN
105.8 1‘
13.7
35.9 i 2
.4 6
90.1 t 5
8.8
33.4 i 9
.5 2
4.2 t 2.
9 11
4.1 $18.
3
9.38 i 0
.78
5.04 t 0
.28
0.74 t 0
.17
0.09 i 0
.03
(6:4) 51
:
6.9
1.2
29.4
4.8
1.5
9.2
0.39
0.14
0.09
0.02
cv
12.9
6.7
8.5
28.4
12.0
16.0
8.3
5.6
23.0
33.3
0 110
111201
1
MEAN
70.0 t 1
4.2
32.1 .t 2
.3 5
56.6 1 2
5.6
23.6 t 6
.0 1
9.6 t 2.8
84.9 i 6
.9
7.20 i 0
.49
3.70 i 0
.40
3.03 i 0
.43
0.07 t 0
.05
(11:4) 51
-:
7.1
1.2
12
3.5
0.25
0.20
0.22
0.03
cv
20.3
7.2
4
8.1
.8
3.0
1.4
.6
25.14
14.3
511851
, 2, 3
,
I4, 5 and 6
 
A 1101uz011
MEAN
80.7 t 1
5.4
21.6 i 5
.4 12
24.9 2: 1
142.7
19.8 t 5.
1 28
.6 t 3.1
114.4 1
20.8
6.88 1 0
.73
4.10 + 0
.87
2.51 + 0
.60
0.22 + 0
.06
(n=6) SE
6.3
2.2
466.4
2 1
1.3
8.5
0.30
0.36
0.24
0.02
cv
19.1
25.0
93.3
25.8
10.8
18.7
10.6
21.2
23.9
27.3
8 110
111201
1
mu 99
.8 i 14.4
35.4 t 4.0
690.5 t 71.
0 30.9
t 8.4
23.7 i 2.4
111.4 : 14.
8
9.14 t 0.72
4.93 i 0.30
0.76 + 0.18
0.08 i 0.02
(6:6) 51
:
5.9
1.6
29.0
9
cv
14.4
11.3
10.3
0 110
111201
1
11m 67
.7 i 13.0
33.0 t 3.8
569.9 i 57.
3
(11:6) 5
1:
5.3
1.6
23.4
cv 19.2
11.5
10.1
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APP. TABLE
13 (cont'd)
 
A1
Fe
w
m
N
m
9
6
2.55
:0.3
5
0.
15
13
.7
0.112
i1.00
5
0.0
02
4
.
2
.
0.0
33
: 0
.0m
0.002
12.1
0.0
22
t, 0
.00
0
0.0
02
27.2
0.115
t 0.02
0
0.008
17.3
0.028
t 0.01
5
0.0
06
53.5
0.013
t 0.00
3
0.001
23.0
 9
7
 
APP. TABLE 13
 
WATERSHED 13 -
HILLHAN _CREEK, E
SSEX COUNTY
Cr Cu Mn Ni Pb Zn Al
SITE 3
.
ppm 90111 ppm ppm ppm ppm /-
 
A HORIZON
MEAN 20.5 i 8.6 13.6 i 0.5 309.3 t 89.6 13.9 i 3.9 16.111.0 51.6 i 5.6 6.22 i 0.20 1.62 t 0.16 1.00 t 0.13 0.083 t 0.017
(n=5) SE
3.8
0.2 3
9.9
1.7 0
.6 2.
6
.10 0
.06 0
.05
0.007
cv 61.0 3 7 28.9 28.1 6 2 .7 9.9 13.0 20.6
8
HO
RI
ZO
N
MEAN 38.9 t 8.8 29.9 :1.1 505.5 1 27.9 29.9 i 6.7 16.6 i 1.2 76.1 t 6.0 6.13 t 0.51 2.85 t 0.13 0.29 i 0.08 0.028 t 0.006
(“=51 SE. 3.9 0.5 12.5 2.1 0. 2.7 0.22 0.05 0.03 0.002
cv 22.6 3 7 5.5 15.7 7 81 8.3 6.6 27.5 21.6
c HORIZON
MEAN 33.3 i 2.8 23.8 t 6.1 517.0 :5 51.2 25.6 i 3.6 13.1 +1.2 63.8 t 2.8 6.97 + 0.86 2.35 i 0.36 2.58 + 0.81 0.028 t 0.009
(n=5) SE 13 1.8 22.9 1.5 0. 16 0.36 0.003
cv 8.6 17.2 9.9 13.3 9 .3 31.6 32.1
m
a
~
6
1
SIT
E 4
A HORIZON
MEAN 19.3 t 2.9 9.0 t 0.9 296.8 1 6.6 16.1 t 0.3 17.8 + 0.6 69.8 t 3.3 6.11 + 0.27 1.27 + 0.15 0.91 t 0.09 0.063 t 0.016
(n=6) 52 1.5 2.2 6 0.007
cv 15.0 1.5
22.2
8 1101mm
MEAN 22.6 i 1.9 22.8 i 3.9 611.1 i 78.9 27.5 i 2.1 12.8 t 1.6 69.3 i 6.3 5.19 i 0.28 2.67 + 0.66 0.35 i 0.06 0.023 i 0.003
(n=6) SE 1.0 2.0 39.5 1 1 2 0.16 0.23 0.03 0.001
cv 8.6 1 19.2 7.6 ‘ 12.5 .2 5.6 18.6 17.1 13.0
c HORIZON
0.15 1.25 +
0.56 0.016 t
0.003
0.08 0.27 0.001
9 9 63.2 18.8
v MEAN 26.0 :t 3.1 13.6 :1.5 373.3 : 25.2 21.1 t 1.7 10.9 t 0.9 53.6 3: 8.7 6.65 i 0.15 1.51:
(024) SE 1.6 0.8 12.6 0
8
cv 11.9 11.2 6.8 8.
  
 APPENDIX TABLE 14.
Monoammonium
phosphate
12.5-50—0
Diammonium
phosphate
18—46-0
Superphosphate
0—20—0
Triple Super—
phosphate
0—46—0
Urea
46-0-0
Ammonium
nitrate
34-0—0
Potash
0—0-60
Potassium
sulphate
0-0-50
Dolomite
TR
AC
E
ME
TA
LS
IN
FE
RT
IL
IZ
ER
S
US
ED
IN
ES
SE
X
Mean
SE mean (2)
SE difference
Mean
SE mean (2)
SE difference
Mean
SE mean (2)
SE difference
Mean
SE mean (2)
SE diffence
Mean
SE mean (2)
SE difference
Mean
SE mean (2)
SE difference
Mean
SE mean (2)
SE difference
Mean
SE mean (2)
SE difference
Mean
SE mean (2)
SE difference
Cd
C
O
L
D
L
A
N
O
O
N
l
—
‘
O
U
I
N
H
J
—
‘
N
O
‘
F
‘
H
m
Co
N
D
F
‘
F
‘
D
D
O
N
-
‘
5
C
O
D
-
l
<1
Cr
66
20
23
68
14
20
92
17
24
Cu
C
O
N
C
O
M
C
O
N
.
0
C
O
.
I
.
c
o
m
a
\
o
w
o
\
J
U
'
I
D
C
O
L
A
)
W
N
H
98
Ni
39
9
13
37
9
12
F
‘
H
w
0.8
COUNTY (1975)
Pb Zn Fe
<3 69 11,808
-- 6 537
—- 7 972
<3 71 11,192
-- 3 930
—- 7 1,315
<3 42 5,713
—— 5 445
—— 7 629
3 108 10,809
—- 9 185
—- 13 261
<3 <1 <3
<3 <3 180
-- -- 72
-- -- 102
3 <1 362
- -- 71
— —- 101
<3 <3 543
—- -— 98
-- -— 139
<3 <2 119
-- -- 34
-- —- 49
 
  
APPENDIX TABLE 1
5
TUl‘AL HEAVY META
LS IN BUFTOM SED
IMFNTS
WATERSHED 1 - BIG CREEK, ESSEX COUNTY
ORG
ANI
C
S
AS Cd Cr Cu Hg Mn Ni Pb Se Zn A1 Fe C C TTER CARBQNATEor N s P pH CL'AY
Ppm W“ P?“ Ppm ppb ppm mm mm ppm PP'“ 7» 7» 7a '2 ‘9 1 PP‘“ / a,“ G
030675
290
376
250576
250576
260
776
051176
AVERACE
9
9
“(I 10-11-75
  
 WATERSHED 3 - LITTLE AUSABLE RIVER, HURON COUNTY
APP. TABLE 15
 
As
Cd
Cr
Cu
Hg
Mn
Ni
Pb
Se
Zn
A1
Fe
0
corg/
N
s
p
pH
cuy
0mm”
CARBONATES
MATTER
uL
7.
Z
PPm
'l.
7'
ppm
ppm
ppm
ppm
ppb
ppm
ppm
ppm
ppm
ppm
‘7»
7»
"4
100675
2.2
1.0
18.5
12.5
32
475.0
13.8
24.0
0.15
55.0
3.80
1.60
6.37
4.58
0.05
0.43
371
7.68
22.1
1.1
45.1
080676
3.1
0.Z'n'
50.0
25.0
28
590.0
19.0
18.5
0.31
80.0
4.08
1.78
6.27
[.19
ND
ND
656
6.60
9.7
1.1
70.3
080676
3.2
0.zw
35.0
25.0
15
625.0
16.5
16.0
0.32
80.0
4.10
1.75
4.92
1.19
ND
ND
704
6.60
14.2
2.2
36.9
190776
3.7
0.111
40.0
20.0
67
560.0
19.5
11.0
0.64
71.0
3.50
1.78
6.47 1.26
ND
ND
1052
6,90
12.2
1.5
1.4.2
190776
3.2
0.114
40.0
20.0
58
725.0
20.5
13.5
0.35
80 5
3.00
1.78
7.29
2.11
ND
ND
681
6.90
16.1
3.0
49.5
141076
3.2
0.8
43.5
15.0
43
630.0
18.0
14.5
0.49
63.0
2.38
1.92
8.77
1.47
ND
ND
776
7.20
ND
ND
ND
141076
2.1
0.8
25.5
10.0
19
365.0
11.5
22.0
0.23
39.0
1.30
1.04
5.23 0.45
ND
ND
297
7.20
ND
ND
ND
AVERAGE
3.0
*
36.1
18.2
37
567.1
17.0
17.1
0.36
66.9
3.17
1.66
6.47
1.75
0.05
0.43
648
7.00
14.9
1.8
49.2
HOE 6-11-75
1.9
<0.5
28.0
8.5
20
9.0
3.5
31.0
7.11
H
O
O
* Cannot Average
  
1
0
1
WATERSHED 4 - CA
NAGAGICUE CREEK,
WELLINGTON
As Cd Cr Cu
Ppm Ppm PP” PPm
COUNTY
Hg
PPb
Mn
Ppm
N1
ppm
Pb
ppm
Se Zn
ppm
280575 2.2 0.1V 31.5 7.5
010676
3.3 0.8 20.0 15.0
010676
3.4
0.8 50.0 20.0
120776
3.4 0.1” 50.0 15.0
120776 2.8 0.1W 35.0 20.0
071076
3.5 0.8 47.0 15.0
AVERAGE 3.1 * 38.9 15.4
HOE 2-12-75 2.9 (0.3 15.0 4.5
* CANNOT AVERAGE
3
4
12
18
4
2
4
8
31
(2
0
550.0
700.0
800.0
755.0
585.0
775.0
694.2
20.0
21
.0
25.0
20.0
19.5
38
.5
70.0
90.0
52
.0
67.0
83
.0
66.8
23.0
2.45
2.
50
 
0 40
ND
ND
ND
N
D
67
3
559
4
8
2
758
  
1
0
2
  
WATERSHED 5 - HOLIDAY CREEK, OX
FORD C(lJNTY
APP. TABLE 15 (cont'd)
 
 
As Cd Cr Cu Hg Mn Ni Pb Se Zn A1 Fe c corg N s P pH CLAY afﬁx? CARBONATES
Ppm PP'“ pm pm Ppb ppm ppm ppm PW“ ppm 7: 7» '7- 7n "/n '4 ppm '/. ‘7.
____A“ v
A ,4_3«:=
100675 3.6 0.5 55.5 15.0 77 750.0 15.0 25.0 0.50 73.0 5.00 2.03 5.58 3.62 0.33 0.31 733 7.43 15.2 7.0 56.5
030676 4.4 0.8 50.0 20.0 28 770.0 15.0 21.0 0.37 95.0 5.33 2.38 5.80 1.93 ND ND ND 7.10 ND 3.2 14.1.
030676 3.9 0.191 25.0 15.0 B 635.0 15.0 12.0 0.18 55.0 3.88 1.70 4.66 1.87 ND ND 1102 7.00 11.3 2.? 10-5
030676 2.6 0.211 45.0 20.0 62 765.0 16.5 16.0 0.38 85.0 5.08 2.20 4.68 0.114 ND ND 818 7.00 2.7 0.9 21.9
250876 ND 0.11.] 67.5 15.0 - 760.0 12.5 24.0 0.35 92.0 3.05 2.29 3.98 1.76 ND ND ND 7.30 12.8 3.0 20.1.
051076 4.2 1.0 40.0 13.5 - 645.0 10.5 69.5 0.35 61.0 2.52 1.79 5.12 1.1.3 ND ND 645 7.10 9.0 2.6 27.7
051076 4.5 0.8 102.0 12.5 - 605.0 13.5 67.0 0.29 65.0 2.72 1.87 6.81 1.36 ND ND 721» 7.10 1;.9 1.2 25.8
AVERAGE 3.9 * 42.1 15.9 39 7014.3 14.0 33.5 0.35 75.1 3.91; 2.04 5.29 1.70 0.33 0.31 666 7.15 9.3 2.9 25.0
MOE 5-11-75 1.9 {0.3 13.0 7.2 20 8.5 5.0 57.0
7.31
* CANNOT AVERAGE
  
1
0
3
HATERSRED 10 - TWENTY MILE CREEK, LINCOLN CCUNTY
280575
020
676
1&0
776
121076
AVERAGE
MOE 25-1-76
23-2-76
15-6-76
A
5
P?”
3
.
9
5.6
1.2
4.9
3.6
Cd
ppm
(
0
.
3
0
.
5
0.
7
Cr
Ppm
30.0
3
5
.
0
38.7
12.0
26.0
1b.0
Cu
PPm
24.0
3
5
.
0
30.0
2b.5
28
.4
12.0
20.0
23.0
Hz
Pp
b
n
o
3
8
33
a
s
6
0
2
0
4
0
20
Mn
pp
m
900.0
850.0
870.0
770.0
845.0
N1
ppm
27
.0
26.5
18.5
31.5
25.9
8.0
19.0
12.0
P
b
ppm
56.0
62.0
64.0
32.0
53.5
21.0
3
6
.
0
< 3.0
S
e
ppm
Z
n
ppm
 
700.0
350.0
325.0
230.0
601.3
110.0
260.0
50.0
 
APP. TABLE 15 (cont'd)
 
ORGANIC
MATTER
CARBSNAT
ES
corg N s P pH CLAY
Z Z Z ppm Z
 
 1
0
4
HAT
ERS
HED
13
— H
ILL
MAN
CRE
EK,
ESS
EX
COU
NTY
APP
.
TAB
LE
As
ppm
Cd
ppm
Cr
ppm
C
u
ppm
“8
ppb
Mn
PP
m
Ni
ppm
Pb
ppm
Se
Ppm
Zn
Ppm
A
1
 
PP
m
pH
030
675
29
03
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APPENDIX TABLE 17.
DTPA EXTRACTABLE METAL CONCENTRATIONS (PPm)
IN BOTTOM SEDIMENTS
 
Cd Cu Ni Pb Zn
WATERSHED 1
290376 0.20 2.02 0.78 1.27 1.27
250576 0.26 2.10 0.79 1.47 1.02
250576 0.26 3.23 0.99 2.03 1.41
151176 0.20 4.15 0.52 1.49 2.17
AVERAGE 0.23 2.88 0.77 1.57 1.47
WATERSHED 3
080676 0.13 2.07 0.52 1.18 2.11
080676 0.09 1.85 0.32 0.89 1.21
190776 0.11 2.70 0.45 1.59 2.26
190776 0.11 1.64 0.45 1.10 3.28
141076 0.06 3.87 0.37 1.75 3.60
141076 0.04 1.14 0.41 0.29 1.32
AVERAGE 0.09 2.21 0.42 1.13 2.30
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 IN BOTTOM SEDIMENTS
 
APP. TABLE 17 (cont'd)
 
DTPA EXTRACTABLE METAL CONCENTRATIONS (Ppm)
 
 
Cd Cu Ni Pb Zn
WATERSHED 4
280575 0.06 0.68 0.20 0.75 0.48
010676 0.06 0.56 0.13 0.87 0.18
010676 0.07 1.33 0.30 1.61 0.56
120776 0.05 0.81 0.30 0.62 0.56
120776 0.07 1.62 0.36 1.17 1.05
071076 0.05 1.63 0.08 0.81 1.36
AVERAGE 0.06 1.11 0.23 0.97 0.70
WATERSHED 5
030675 0.14 3.25 0.52 6.79 3.23
030675 0.04 0.43 0.17 0.52 0.93
030676 0.14 2.66 0.51 2.31 2.80
250876 0.05 1.30 0.08 1.40 2.21
051076 0.11 0.81 0.22 0.70 2.49
AVERAGE 0.10 1.69 0.30 2.34 2.33
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APP. TABLE 17 (Cont'd)
 
Cd Cu Ni Pb Zn
WATERSHED 10
020676 0.11 4.31 0.37 17.11 12.96
140776 0.18 6.54 0.48 18.04 18.10
121076 0.21 7.41 0.62 9.37 13.20
AVERAGE 0.17 6.09 0.49 14.84 14.75
WATERSHED 13
290376 0.06 0.45 0.13 0.53 0.98
290376 0.09 0.74 0.18 0.93 0.92
290376 0.19 3.01 0.63 2.14 2.70
290376 0.18 1.96 0.69 2.48 22.49
270576 0.16 1.41 0.27 1.76 2.37
130676 0.12 1.95 0.34 2.10 2.07
270776 0.05 0.45 0.20 0.63 0.74
270776 0.32 6.86 1.31 3.24 3.01
270776 0.25 2.93 0.36 2.17 3.47
041176 0.12 5.49 0.20 3.12 6.70
AVERAGE 0.15 2.53 0.43 2.34 4.55
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APPENDIX TABLE 18.
CORRELATION COEFFICIENTS FOR DTPA EXTRACTIONS OF BOTTOM SEDIMENTS
Cu Ni Pb Zn
Clay .08 .18 .41 .33
Organic Matter —.31 -.19 -.12 -.14
Al (total) .10 .32 .36 .19
pH .61 .28 .57 .42
Cu (total) —.18
Ni (total) .25
Pb (total) -.03
Zn (total) -.27
r = .33 significant at .05
r = .42 significant at .01
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APPENDIX TABLE 20 ULTIMATE ANALYSIS, FUNCTIONAL GROUP ANALYSIS AND TOTAL METAL CONCENTRATIONS OF HUMIC ACIDS (HA) EXTRACTED FROM BUFTOM SEDIMENTS
 
YIELD C H N S 0 ASH Bio/£6 TOTAL TOTAL PHENOLIC A1 Fe Cd Cr Cu Ni Pb Zn
'71. 7. 7. 7. 7. 7.
ACI DITY CAR HOXYL 011
g/kg SEDIMEM‘
mcq /g HA
mg/g HA
Ng/g HA
   
AGl 0.9 52.5 6.8 5.1 0.5 36.1 6 3 3.8 7.8 ‘0.“ 3A 55.4 9.0 1.8 22.8 38.3.2 58.8 18.0 96.0
AG 3 2.8 55.8 6.7 5.5 1.9 29.8 2.3 3.8 7.2 2.8 4.14 32.4 21.5 0.114 88.4 132.2 35.6 7.6 59.3
AG 4 1.5 55.1 6.7 5.6 1.9 30.6 4.1 4.3 6.6 2.8 3.8 39.3 25.1 0.114 42.3 150.2 22.7 27.0 63.8
AG 5 2.5 55.7 6.3 4.9 1.8 31.1 1.8 3.8 7.2 2.8 lul. 27.0 16.7 0.11..1 54.2 171.0 33.8 91.9 72.1
AC 10 1.2 56.3 7.1 6.0 6.2 24.2 1.5 3.5 5.0 2.0 3.0 Z00.0 13.2 0.7 27.5 10148.8 81.2 2A8.3 165.7
A613 2.9 56.3 5.3 6,3 1,8 25.6 1.8 3.7 8.0 In? 3.8 15.0 3.? 1.3 45.1. 233.5 145.5 18.8 35A.5
AVERAGE
SEDIMENT HA
56.0 6.7 5.7 2.7 28.9
2.3
3.8
6.8
2.9
3.9
36.9 14.8
0.6
16.8
353.3
Z¢(>.3 68.6
133.6
i-
IDEAL MEAN HA
56.2 4.7 3.2 0.8 35.5
4.8
6.7
3.6
3.9
* from Schnitzer (1977)
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FORMS OF COPPER IN BOTTOM SEDINENTS
TOTAL
PPm
WATER
SOLUBLE
%
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Z
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E
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Z
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1
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Z
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ALLIN
E
x
RECO
VERE
D
2
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11.5
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AG-IO
35.0
AG-13 19.5
 
15.0
7
.
8
23.9
19.2
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21.4
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.A
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.4
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.7
36.9
4
6
.
0
26.3
51
.3
2&.6
23
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116
91
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 APP. TABLE 22 (Cont‘d)
FORMS OF LEAD IN BOTTOM SEDIMENTS
 
TOTAL
NATER
EXCHANCEABLE
CARBONATE
MANGANE ‘F.
ppm
SOLUBLE
BOUND
OXIUL BOUND
7.
7.
"A
"/n
IRON OXIDE CRYSTALLINF. RECOVERED
BOUND
'7.
“A
7.
 
AG-l
26.5
-
0.7
26.7
21.0
3.8
-
47.7
98
1
1
4
AC-3
14.0
-
1.9
11.1
22.2
4.1
-
60.7
96
AG-A
19.5
-
1.3
20.1
21.5
4.5
-
52.6
96
AG-5
12.0
-
2.6
23.8
19.1
7.1
-
67.6
88
AG-IO
52.5
-
1.0
39.10
2L7
0.7
-
35.2
101
AIS-13
19.0
-
1.5
10.2
38.3
9.0
-
#05)
103
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FORMS OF NICKEL IN BOTTCM SEDIHENTS
APP. TABLE 22 (cont'd)
  
TOTAL
PPm
WAT
ER
SOLUBLE
Z
EXCHANGEABLE
Z
CARBONATE
BOUND
%
MANGANESE
OXIDE BOUND
%
ORCANICALLY
BOU
ND
1
IRON OXIDE
BOUND
Z
CRYSTALLINE
Z
RECOVERED
Z
AG-l
AG
-3
AG
-A
AG-S
AG-IO
AG-l3
45.5
20
.5
26.0
32.8
23
.4
21.0
28
.0
25.]
32.4
57.9
69.2
59.6
86.6
68.6
A3.2
110
130
97
8
A
115
90
  
 APP. TABLE 22 (cont'd)
FORMS OF ZINC 1N BOTTOM SEDIMENTS
 
TOTAL WATER EXCHANGEABLE CARBONATE MANGANESE ORGANICALLY IRON OXIDE CRYSTALLINE RECOVERED
ppm SOLUBLE BOUND OXIDE BOUND BOLND
7. 7. “l. ‘7. 7.
 
'/.
AG-l 112.0 0.1 0.3 5.6 10.5 10.8 19.3 53.4 115
AG-3 65.0 0.3 0.4 10.3 5.6 1.6 14.1 67.6 122
AG-4 47.0 0.2 0.7 6.9 9.2 18.3 12.0 57.7 93
1
1
6
AG-S 44.5 0.2 0.7 9.9 10.5 15.8 6.6 56.3 102
AG-10 225.0 0.1 0.1 11.2 20.0 15.3 34.3 19.0 122
AG-13 72.0 0.2 0.7 16.8 14.4 23.0 14.4 45.6 87
 1
1
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APPENDIX TABLE 23
 
The fate of Cadmium added to soils and sediments from Big Creek and Qanagagigue Creek Watersheds.
Soils and sediments were incubated for 10 weeks. Control values are 'Eor soils and sediments
incubated with no cadmium added. Single additions are only 5 ppm Cd and combination additions
are also 100 ppm Cu, 100ppm Pb, 100 ppm Ni and 250 ppm Zn. Incubated values (ppm) are after
subtraction of control values and percentages (7.) are of added cadmium.
WATER
PP‘“
SOLUBLE
EXCHANGEAELE
CARBONATE
MANGANESE
ORGANICALLY
IRON oxma
CRYSTALHNE
BOUND
oxma BOUND
BOUND
BOUND
ppm
7-
ppm
7:
ppm
7»
Ppm
7-
ppm
7::
 
'4
PP'“
BIG CREEK WATERSHED - SOIL
CWTROL
-
SINGLE ADDITION
-
CmBINATION ADDITION
0.6
BIG CREEK WATERSHED - SEDIMENT
CONTROL
-
SINGLE ADDITIW
-
C(MBINATION ADDITION
-
CANAGAGIGUE CREEK WATERSHED - SOIL
CONTROL
-
SINGLE ADDITION
-
C(MBINATION ADDITION
0.1
CANAGAGIGUE CREEK WATERSHED - SEDIMENT
CONTROL
-
SINGLE ADDITION
-
CCMBINATION ADDITIW
0.1
12.2 3.2 65.3 1.1 22.1; - — - . . - _ _
-
—
-
0.1
25.0
-
-
-
—
-
—
0.3 75.0
2.0
2.5 169.0
2.5
49.0
-
—
-
_
_
.
.
.
-
_
-
-
_
-
-
-
-
-
-
0.3
100.0
-
2.7 50.9
2.6 49.1
-
—
-
-
_
-
.
.
1.9
2.4
[05.3
2.8
52.8
-
-
-
_
_
-
-
-
   
 APP. TABLE 23 (cont'd)
 
The fate of Copper added to soils and sediments from Fig Creek and Canagagigue Creek Watersheds.
Soils and sediments were incubated for 10 weeks. Contlol values are for soils and sediments
incubated with no copper added. Sing1e additions are only 100 ppm Cu and combination additions
are 41180 100 ppm Ni, 100 ppm Pb, 5 ppm Cd and 250 ppm Zn. Incubated values (ppm) are after
subtraction of control values and percentages (7.) are of added copper.
 
WATER SOLUBLE
EXCHANGEABLE
CARBONATE
MANGANESE
ORGANI CALLY
IRON 0x195
CRYSTALIJNE
BOUND
ome BOUND
BOUND
BOUND
ppm ‘4
ppm
7-
ppm
7-
Ppm 7-
mm
1
mm
1
ppm
 
BIG CREEK WATERSHED - SOIL
_______._
CONTROL
- -
0.2 0.7
-
.
5.2 21.4 3.0 12.8 7.7 32.0 8.0 33.0
SINGLE ADDITION
0.1 0.1
0.6 0.6 39.3 40.5 12.8 13.2 26.0 26.8 13.4 13.8 4.9 5.0
CCMBINATION ADDITION 0.1 0.1
1.8
1.8
39.8 39.8
15.8 15.8
34.9 34.9
4.2 4.2
3.3 3.3
BIG CREEK WATERSHED - SEDIMENT
CONTROL
—
-
0.2
0.8
3.3
11.1
5.0 16.5
4.1 15.2
9.3 30.8
7.7 25.3
SINGLE ADDITION
- -
0.5 0.5 79.2 78.7 0.7 0.7 6.7 6.7 6.1 6.1 7.4 7.4
1
1
8
COMBINATION ADDITION
-
- -
-
-
58.0
57.6
2.0
2.0
22.5 22.3
8.7
8.7
9.5
9.5
CANAGAGIGUE CREEK WATERSHED - SOIL
CONTROL
-
-
0.1
0.6
-
-
3.8 17.4
2.1
9.6
7.2 33.1
8.5 39.2
SINGLE ADDITION
-
-
0.5
0.5
36.9
36.9
12.1 12.1
41.4 41.4
2.7
2.7
6.5
6.5
COHBINATIW ADDITION
-
—
0.2
0.2
20.8
20.6
7.4
7.4
57.0 56.4
12.5 12.3
3.1
3.1
CANACAGIGUE CREEK WATERSHED - SEDIMENT
CWTROL
-
-
0.2
1.8
1.8
16.9
2.4 22.7
2.4 22.7
-
-
3.9 35.9
SINGLE ADDITION
-
-
0.6 0.6 70.8 69.8
-
-
7.8 7.6
19.6 19.2
3.5 3.4
CWBINATIW ADDITION 0.3
0.3
0.5
0.5
56.9
55.5
-
-
20.9 20.4
15.1 14.7
8.9
8.7
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APP. TABLE
23
(Cont'd)
The fate of Copper added to soils and sediments from Big Creek and Canagagigue Creek Watersheds.
Soils and sediments were incubated for 10 weeks.
Control values are for 50115 and sediments
incubated with no copper added.
Single additions are only 250 ppm Cu and
combination additions
are also 250 ppm N1, 250 ppm Pb, 5 ppm
Cd and
250 ppm Zn.
Incubated values
(ppm) are after
subtraction of control values and percentages
(7.) are
of added copper.
 
WATER SOLUBLE
EXCHANCEABLE
CARBONATE
MANGANESE
ORGANICALLY
IRON
owa
CRYSTALIJNE
BOUND
OXIDE BOUND
BOUND
nouns
ppm
'A
ppm
7.
ppm
ppm
'4
ppm
7-
ppm
 
ppm
7-
BIG CREEK WATERSHED - SOIL
cmTROL
-
-
0.2
0.7
-
-
5.2
21.4
3.0
12.8
7.7
32.0
8.0
33.0
SINGLE ADDITION
0.7
0.3
1.4
0.6
99.9
40.1
40.8
16.4
56.9
22.8
35.0
14.0
14.7
[5.9
MULTIPLE ADDITION
4.5
1.8
10.9
4.4
102.4
41.1
42.1
16.9
69.4
27.9
13.5
5.4
6.2
2.5
BIG CREEK WATERSHED
- SEDIMENT—.—___...—_.____
CONTROL
-
-
0.2
0.8
3.3
11.1
5.0
16.5
4.1
15.2
9.3
30.8
7.7
25.3
SINGLE ADDITION
0.6
0.2
0.7
0.3
185.9
74.4
5.3
2.1
32.4
13.0
14.8
5.9
10.2
4.1
MULTIPLE ADDITION
0.2
0.1
0.4
0.2
169.6
67.7
13.4
5.3
39.4
15.7
18.3
7.3
9.4
3.7
CANACAGIGUE CREEK WATERSHED — SOIL
—
—
_
_
.
_
_
—
—
CONTROL
-
-
0.1
0.6
-
-
3.8
17.4
2.1
9.6
7.2
33.1
8.5
39.2
SINGLE
ADDITION
-
-
0.7
0.3
97.0
38.7
63.8
25.5
65.9
26.3
23.2
9.3
-
MULTIPLE ADDITION
1.2
0.5
1.1
0.4
135.4
54.3
27.2
10.9
64.9
26.0
10.0
4.0
9.5
3.8
CANAGAGIGUE
CREEK WATERSHED - SEDIMEN‘I‘W
CW'I‘ROL
SINGLE ADDITION
MULTI PLE
ADDITION
  
 APP. TABLE 2 3 cont'd)
 
The fate of Lead, added to soils and sediments from Big Creek and Canagagigue Creek Watersheds.
Soils and sediments were incubated for 10 weeks. Control values are for 50115 and sediments
incubated with no lead added. Single additions are only 100 ppm Pb and combination additions
are 100 ppm lead plus 100 ppm N1, 100 ppm Cu, 5 ppm Cd and 250 ppm Zn. Incubated values (ppm)
are after subtraction of control values, and percentages (7.) are of added lead.
 
HATER SOLUBLE EXCHANGEABLE
CARBONATE
MANGANESE
ORGANICALLY
IRON OXIDE
CRYSTALLINE
aouuo
0x1 DE BOUND
nouns
mum)
Ppm 7-
Ppm
7-
ppm
7-
ppm 7a
ppm 7-
ppm 7-
ppm 7-
810 CREEK WATERSHED u SOIL
CONTROL
-
-
0.4
1.4
-
-
12.4 41.2
3.0 10.0
6.0 20.0
8.3 27.5
SINGLE ADDITION
0.3
0.3
-
-
8.6
8.5
0.7
0.7
49.4 48.7
42.4 41.8
-
-
C(MBINATION ADDITION 0.1 0.1
6.9
6.8
13.0 12.8 17.6 17.3 56.2 55.3
-
-
7.9 7.8
BIG CREEK WATERSHED - SEDIMENT
CONTROL
-
-
0.6
2.5
6.4
27.2
7.0 30.0
1.5
6.6
—
-
7.9 33.8
SINGLE ADDITIm
-
-
-
-
36.1
43.1
-
-
11.7 14.0
36.0 43.0
-
-
CCHBINATION ADDITION 0.1
0.1
0.7
0.7
45.8
47.9
3.4
3.6
29.3 30.6
2.2
2.3
14.2 14.8
1
2
0
CANAGAGIGUE CREEK NATERSHED - SOIL
CONTROL
-
-
-
-
—
—
10.3 33.8
3.1 10.2
4.3 14.2
12.8 41.8
SINGLE ADDITION
-
-
0.1
0.1
11.1
10.6
-
—
44.9 42.8
48.9 46.6
-
-
C(MBINATION ADDITION 0.1
0.1
1.3
1.1
13.5
11.7
6.4
5.6
81.8 71.0
6.2
5.4
6.0
5.2
CANAGAGIGUE CREEK HATERSHED- SEDIMENI‘
CONTROL
-
-
0.3
2.1
3.7
21.0
3.3 18.6
1.2 7.0
-
-
9.3 51.3
SINGLE ADDITION
0.3
0.5
-
-
0.7
1.1
-
-
5.8
9.4
44.1 71.2
11.0 17.8
C(MBINATION ADDITION 0.4 0.4
1.9
1.9
49.7
50.1
1.2
1.2
24.3 24.5
-
-
21.7 21.9
  
APP.
TABLE
23
(cont'd)
The fate of Lead added to soils and sediments from Big Creek and Canagaglgue Creek Watersheds.
Soils and sediments were incubated for 10 weeks.
Control values are for soils and sediments
incubated with no lead added.
Single additions are Only 250 ppm Pb and combination additions
are also 250 ppm N1, 250 ppm Cu, 5 ppm Cd and 250 ppm Zn.
Incubated values (PPm) are after
subtraction of control values and percentages (7.) are of added lead.
 
WATER SOLUBLE
EXCHANGEABLE
CARBONATE
MANGANESE
ORGANICALLY
IRON OXIDE
CRYSTALLINE
BOUND
OXIDE BOUND
BOUND
BOUND
PPm
7n
Ppm
’4
ppm
ppm
7-
ppm
7-
ppm
  
ppm
'4
BIG CREEK WATERSHED - SOIL
CONTROL
-
—
0.4
1.4
-
-
12.4
41.2
3.0
10.0
6.0
20.0
8.3
27.5
SINGLE ADDITION
—
-
1.0
0.4
22.3
6.8
49.4
19.6
92.3
36.5
87.6
34.7
-
-
C(MBINATION ADDITION
1.2
0.5
60.3
23.9
31.5
12.5
51.6
20.4
103.8
41.1
4.0
1.6
.
-
-
BIG CREEK WATERSHED — SEDIMEN'I‘
CWTROL
—
-
0.6
2.5
6.4
27.2
7.0
30.0
1.5
6.6
-
-
7.9
33.8
SINGLE ADDITION
-
-
-
-
112.8
45.1
-
-
42.0
16.8
89.4
35.8
5.8
2.3
1
2
1
C(MBINATIW ADDITION
0.4
0.2
1.3
0.5
167.6
66.8
23.5
9.4
50.1
20.0
8.1
3.2
—
-
CANAGACIGUE CREEK NATERSHED - SOIL
CWTROL
-
-
-
-
-
—
10.3
33.8
3.1
10.2
4.3
14.2
12.8
41.8
SINGLE ADDITION
-
-
0.3
0.1
32.2
12.8
27.9
11.1
100.0
39.8
90.8
36.1
-
-
CWBINATION ADDITIW
0.8
0.3
3.6
1.4
111.8
44.7
32.6
13.0
92.0
36.8
5.6
2.2
3.8
1.5
CANAGAGIGUE CREEK WATERSHED - SEDIHENT
—
_
_
_
_
—
_
_
_
_
_
_
C(NI‘ROL
-
-
0.3
2.1
3.7
21.0
3.3
18.6
1.2
7.0
-
-
9.3
51.3
SINGLE ADDITIW
1.7
0.7
0.4
0.2
128.8
50.4
6.1
2.4
19.1
7.5
96.5
37.7
3.2
1.3
CWBINATIW ADDITION
-
o
2.8
1.1
84.7
33.9
30.1
12.0
109.5
43.8
14.0
5.6
8.9
3.6
  
 APP. TABLE 23
The fate of Nickel added to soils and sediments from Big Creek and Canagagigue Creek Watersheds.
Soils and sediments were incubated for 10 weeks. Control values are for soils and sediments
incubated with no nickel added. Single additions are only 100 ppm N1 and combinaticm additions
are also 100 ppm Cu, 100 ppm Pb, 5 ppm Cd and 250 ppm Zn. Incubated values (ppm) are after
subtraction of control values and percentages (7.) are of added nickel.
HATER 501.051.:
EXCHANGEABLE
CARBONATE
MANGANESE
ORGANICALIY
IRON oxma
CRYSTALLINE
-
BOUND
oxma BOUND
BOUND
BOUND
ppm
1
ppm
7-
ppm
7:
ppm
7-
ppm
7.
ppm
7.
ppm
7-
BIG CREEK WATERSHED - SOIL
 
CWTROL
-
-
-
-
0.3
1.6
-
-
3.1» 16.8
4.9 26.7
11.10 56.9
SINGLE ADDITION
0.6
0.4
13.7
13.7
27.9
27.9
11.3 11.3
30.2
30.2
6.7
6.7
10.0 10.0
MULTIPLE ADDITION
7.2
7.2
29.6
29.6
35.1
35.1
11.0 11.0
9.8
9.8
2.3
2.3
11.9
10.9
BIG CREEK WATERSHED - SEDIMENT
1
2
2
CONTROL
—
-
0.5
1.3
2.5
6.5
0.5
1.2
7.2
18.5
8.8 22.6
19.14 50.1
SINGLE ADDITION
-
—
0.3
0.3
39.4
39.1:
6.9
6.9
37.9
37.9
12.6 12.6
2.8
2.8
MULTIPLE ADDITIm
-
-
1.4
1.6
145.9
45.9
13.7 13.7
17.2
17.2
8.8 12.6
12.8
2.8
CANAGAGIGIE CREEK WATERSHED - SOIL
.
cow-11101.
-
—
-
-
-
.
.
—
2.6
10.8
7.2
30.2
14.0
58.8
SINGLEADDITION
-
-
1.1
1.1
21.0
21.0
12.6 12.6
63.1
63.1
5.4
5.4
-
-
MULTIPLE ADDITIW
0.2
0.2
3.0
3.0
37.9
37.9
23.5 23.5
28.7
28.7
2.6
2.6
10.2
10.2
CANACAGIGUE CREEK WATERSHED - SEDIMENT
CWTROL
-
-
0.2
1.5
—
-
-
—
3.5
25.9
—
-
9.8
72.6
SINGLE ADDITION
0.8
0.8
4.7
14.7
29.5
29.5
4.5
10.5
10.7
10.7
108.7 48.7
1.2
1.2
MULTIPLE ADDITION
2.0
2.0
6.6
6.6
52.9
52.9
10.10 10.4
8.4
8.11
9.9
9.9
9.7
9.7
 1
2
3
  
APP.
TABLE
23
(cont'd)
The
fate
of
Nickel
added
to
soils
and
sediments
from
Big
Creek
and
Canagagigue
Creek
hatersheds.
Soils
and
sediments
were
incubated
for
10
weeks.
Control
values
are
for
soils
and
sedimentsincubated
with
no
nickel
added.
Single
additions
are
only
250
ppm
Ni
and
combination
additions
are
also
250
ppm
Cu,
250
ppm
Pb,
5
ppm
Cd
and
250
ppm
Zn.
Incubated
values
(pPM)
are
after
subtraction
of
control
values
and
percentages
('l.)
are
of
added
nickel.
 
WATER
PP‘l1
SOLUBLE
EXCHANGEABLE
CARBONATE
MANGANESE
ORGANICALLY
IRON
OXIDE
CRYSTALLINE
BOUND
OXIDE
BOUND
BOUND
BOUND
Ppm
"4
ppm
'4
ppm
7»
ppm
7-
ppm
'4
 
7.
ppm
BIG
CREEK
WATERSHED
-
SOIL
a
“
C
W
T
R
O
L
-
SINGLE
ADDITION
4.6
CCMBINATION
ADDITION
43
.2
2.1
46.4
20.8
50.5
22.6
27.8
12.5
63.6
28.5
16.2
7.3
14.0
6.3
17.2
88.6
35.3
66.9
26.7
19.2
7.7
18.2
7.2
4.8
1.9
9.9
3.9
BIG
CREEK
WATERSHED
-
SEDIMENT
CONTROL
.
SINGLE
ADDITION
-
C
W
B
I
N
A
T
I
O
N
ADDITION
2.
3
-
0.5
1.3
2.5
6.5
0.5
1.2
7.2
18.5
8.8
22.6
19.4
50.1
-
1.8
0.7
66.8
26.7
13.4
5.4
139.5
55.8
23.8
9.5
4.9
2.0
0.9
13.7
5.5
123.1
49.3
27.2
10.9
55.2
22.1
18.6
7.5
9.5
3.8
CANAGAGIGUE
CREEK
WATERSHED
-
SOIL
CONTROL
-
S
I
N
G
L
E
A
D
D
I
T
I
O
N
0.3
MULTIPLE
ADDITION
7.1
0.1
4.4
1.8
45.5
18.2
28.7
11.5
145.3
58.1
25.9
10.3
0.2
0.1
2.8
34.8
13.9
120.2
47.9
37.8
15.1
40.7
16.2
9.2
3.7
1.1
0.4
CANAGAGIGUE
CREEK
WATERSHED
-
SEDIMENT
CWTROL
-
S
I
N
G
L
E
A
D
D
I
T
I
O
N
1.1
MULTIPLE
A
D
D
I
T
I
O
N
5.8
0.4
19.8
7.9
63.8
25.4
24.0
9.5
27.1
10.8
115.7
46.0
v
-
2.3
26.2
10.5
101.2
40.4
36.1
14.4
52.6
21.0
19.8
7.9
8.6
3.4
 
1
2
4
APP.
TABLE
23
(Cont'd)
H
 
The
fate
of
Zinc
added
to
soils
and
Sediments
from
Big
Creek
and
Canqgagigue
Creek
Watersheds.
Soils
and
sediments
were
incubated
for
10
weeks.
Control
values
are
for
soils
and
sediments
incubated
with
no
zinc
added.
Single
additions
are
only
250
ppm
Zn
and
combination
additions
are
also
250
ppm
Cu,
250
ppm
N1,
250
ppm
Pb
and
5
ppm
Cd.
Incubated
values
(ppm)
are
after
subtraction
of
control
values
and
percentages
(7.) are
of
added
zinc.
 
HATER
P?“
SOLUBLE
EXCHANGEABLE
CARBONATE
MANGANESE
ORGANICALLY
IRON
0x105
CRYSTALLINE
BOUND
0x1 DE
BOUND
BOUND
BOUND
7-
Ppm
'4
Ppm
7-
ppm
7a
ppm
'4
ppm
 
ppm
BIG CREEK WATERSHED - SOIL
m
m
CONTROL
0 . 1
SINGLE
ADDITION
1.1
COMBINATION ADDITION
23.6
0.4
33.4
13.4
117.8
47.1
18.0
7.2
7.0
2.8
61.5
24.6
11.0
4.4
9.4
46.5
18.6
69.6
27.8
13.0
5.2
39.9
16.0
24.9
10.0
32.2
12.9
BIG
CREEK WATERSHED
- SEDIMENT
W
CONTROL
0.1
SINGLE
ADDITION
-
COMBINATION ADDITION
0.6
-
0.6
0.2
161.5
61.9
8.0
3.1
4.8
1.8
82.5
31.6
3.7
1.4
0.3
0.4
0.2
119.0
52.1
20.2
8.8
42.6
18.7
30.2
13.2
15.3
6.7
CANAGAGICUE
CREEK
WATERSHED
- SOIL
CONTROL
0.1
SINGLE
ADDITION
1.3
CWBINATION
ADDITION
2.4
CANAGAGICUE CREEK
WATERSHED
CWTROL
0.1
SINGLE
ADDITION
1.0
CWBINATION
ADDITIW
2.4
0.1
0.3
0.3
3.5
3.8
6.1
6.6
6.3
6.8
14.9
16.0
62.0
66.6
0.5
3.8
1.4
180.3
64.2
35.9
12.8
5.9
2.1
53.6
19.1
-
-
1.0
5.6
2.2
121.0
48.3
33.6
13.4
61.7
24.6
20.2
8.0
6.5
2.6
-
SEDIMENT
0.4
6.5
2.5
197.8
75.7
3.4
1.3
-
-
52.5
20.0
-
—
1.0
5.4
2.1
118.0
47.1
20.4
8.1
29.3
11.7
31.3
12.0
43.7
17.5
 1
2
5
CONCEMRATION
OF
TOIAL
METALS
AND
NUTRIENTS
IN
'
STREAMWATER
COLLEQED
FROM
AGRICULTURAL
NATERSHEDS.
RESULTS
ARE
BASED
ON
DRIED
MATERIAL.
THE
PARTICULATE
FRACTION
WAS
THAT
SAMPLE
>.45u
AND
THE
DISSOLVED<.45u.
APPENDIX
TAB
E
24
 
YIELD
ASH
TOPAL
ORGANIC
INORC.
TOTAL
TOTAL
A1
Fe
Cd
Cr
Cu
Mn
N1
Pb
Se
Zn
C
C
C
N
S
-
mg/l
1
7.
7.
7.
'L
X
7.
:
 
-------
-
-
»
g
/
g
------
 
TOTAL
290376-1
493.5
65.1
4.2
0.5
3.7
0.6
3.9
1.8
6.2
250576-1
421.4
75.4
3.7
1.3
2.4
0.3
9.9
0.2
8.8
260776-1
514.3
70.8
5.3
2.5
2.8
0.4
5.0
1. 7
0.8
051176-1
856.6
76.4
2.4
1.2
1.2
0.2
7.5
0.3
0.2
DISSOLVED
290376-1
428.5
61.3
3.4
0.5
2.9
0.5
5.8
0.1
(0.1
250576-1
426.8
69.0
3.5
1.6
1.9
0.1
6.5
(0.1
(0.1
260776-1
448.7
59.7
5.1
2.3
2.8
0.4
5.9
0.1
(0.1
051176—1
789.8
73.9
2.6
1.2
1.4
0.3
7.2
«20.1
(0.1
PAMICUIATE
290376-1
76.2
87.9
3.1
1.6
1.5
0.2
0.3
-
-
250576-1
-
-
-
-
-
-
-
-
-
260776-1
10.7
94.9
-
-
.
.
-
-
-
051176-1
70.0
80.4
4.64
-
-
0.27
2.10
-
-
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YIELD
ASH
TOTAL
ORGANIC
INORG.
TOTAL
TMAL
A1
Fe
Cd
Cr
Cu
111
Ni
Pb
Se
Zn
C
C
C
N
S
.3n
'4
7.
z
z
z
z
 
 
TOTAL
050476-3
169.2
55.2
6.6
0.6
6.0
1.0
2.2
-
-
1.9
20.0
405.0
34.3
-
10.3
0.21
47.0
250476-3 E
627.4
72.2
5.1
1.7
3.4
1.6
1.0
6.1
2.6
1.8
58.3
40.1
510.2
51.0
27.7
0.71
94.4
080676-3
272.1
60.5
8.1
1.1
7.0
0.8
3.0
(0.1
0.3
0.1"
11.7
161.5
11.7
31.7
31.2
1.51
15.6
190776-3
425.0
49.2
6.6
1.2
5.4
2.0
2.0
0.1
(0.1
0.10
10.0
71.0
18.0
56.0
30.0
0.86
38.0
141076-3
240.1
56.2
7.7
1.2
6.5
0.8
3.0
1.0
(0.1
1.8
8.7
68.2
13.8
38.3
7.7
0.84
11.8
DISSOLVED
050476-3
158.8
50.3
6.6
0.4
6.2
1.2
2.1
0.2
0.1
0.8
15.0
365.0
46.5
230.0
9.0
0.71
22.0
250476-3 E
103.8
60.0
8.2
1.5
6.7
0.2
1.2
0.6
0.7
0.1”
29.5
166.1
43.8
68.0
15.9
0.65
35.5
080676-3
264.5
59.1
8.0
1.1
6.9
0.9
3.2
0.1
«0.1
-
15.0
175.0
25.0
1375.0
6.0
1.37
25.0
190776-3
396.9
51.2
4.3
1.0
3.3
1.6
1.6
<0.1
4.0.1
0.5T
18.5
90.0
14.5
31.0
22.5
0.93
45.0
141076-3
190.1
56.9
7.8
1.4
6.4
1.3
3.2
<0.1
<.0.1
2.7
14.1
865.0
12.1
352.8
22.7
0.86
25.7
mzncuun
050476-3
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
250476-3 B
466.6
85.6
4.8
2.2
2.6
1.1
0.2
3.6
0.0
-
80.0
1.0.0
650.0
47.5
27.5
0.58
155.0
080676-3
-
-
-
-
-
—
-
—
—
-
-
-
—
-
-
-
-
190776-3
-
—
-
-
—
—
.
-
—
—
-
-
_
-
-
-
-
141076-3
-
-
—
—
—
—
-
-
-
-
-
-
-
-
-
-
-
1
2
6
APP. TABLE 24 (cont'd)
  
YIELD
ASH
TOTAL
ORGANIC
INORG.
TOPAL
TOTAL
A1
Fe
Cd
Cr
Cu
Mn
Ni
Pb
Se
Zn
C
C
C
N
S
.8”
1
'I.
1
x
7.
7.
1
7.
------- yg/g
m
m
260376-4
436.5
69.9
5.2
1.2
4.0
0.5
0.8
4.9
2.9
0.1w
28.0
195.0
575.0
010676-4
252.2
40.8
10.2
1.4
8.8
1.3
2.3
0.1
0.1
0.111
6.6
130.4
29.6
120776-4
433.1
56.5
9.5
2.2
7.3
0.6
2.2
0.8
0.4
0.17:!
5.0
327.0
270.0
071076-4
215.0
58.0
9.7
1.9
7.8
0.5
2.4
0.1
(0.1
1.3
24.2
376.2
103.5
DISSOLV'ED
260376-4
132.9
57.6
8.8
1.2
7.6
1.3
2.5
-
-
0.114
6.7 1003.8
17.7
010676-4
258.2
41.5
10.2
1.6
8.6
1.2
1.8
(0.1
(0.1
0.114
10.7
103.6
14.6
120776-4
370.8
53.0
10.4
2.3
8.1
0.7
1.4
(0.1
«0.1
0.5T
5.0
138.0
13.5
071076-4
204.7
53.2
9.5
2.0
7.5
0.8
1.8
(0.1
«0.1
1.2
17.1
360.4
40.0
PARTICULATE
260376~4
342.9
87.2
3.7
2.1
1.6
0.2
0.4
7.1
4.0
0.191
55.0
37.0
850.0
010676-4
-
-
-
-
-
-
..
-
-
.
.
-
-
120776-4
-
-
-
-
—
-
-
2.1
2.6
0.3T
54.7
16.0
826.7
071076-4
11.6
87.0
10.6
-
-
1.0
0.5
3.7
3.7
7.8
105.3
50.7 2457.0
1
2
7
   
1
2
8
  
_____..._M.u._
... i. N... _.2
__H.
YIE
LD
mg
/l
ASH
1
TOT
AL
C
1
ORGANIC
C
I
INORG.
C
1
TOTAL
N
1
TOT
AL
S
1
A1
Cd
C
r
Cu Mn
N1
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Pb
Se Zn
(- ---
-—--
----
---- Ju
g/3 --
—---
--—-
- -----
- 9
TOTAL
310376-5
2504
76-5
E
0306
76-5
1507
76-5
E
2107
76-5
E
2808
76-5
0510
76-5
DISS
OLVE
D
3103
76-5
250476—5 E
030676-5
1507
76-5
E
210
776
-5
E
280876-5
0510
76-5
PARTI
CULAT
E
310376-5
2504
76-5
E
0306
76-5
[507
76-5
E
210
776
-5
E
2808
76-5
386.0
314.6
283.5
324.6
277.8
309.1
330.5
169.0
242.0
312
.7
229.5
277
.7
319.8
1.8
45.6
16.2
33
.5
54
.5
51.9
53.6
56.3
48.6
42.2
53.0
43.5
54.8
4
5
.
4
44.3
52
.9
55.3
58.2
76
.3
70.2
7
5
.
2
9.2
6
.
4
8.
8
3.6
8.8
0.1
6.
0
6.5
4.6
1.
9
2.0
6
.
4
1.5
(0.1
(0.1
<0
.1
0.
2
0.5
(0.1
*0.1
(0.1
0.
3
0
.
7
(0
.1
(0
.1
(0.1
(0.1
0.1
0.
3
<
0
.
1
<0.1
0.
1”
0
.
1
"
1.0
0.5T
0.51
0.
5T
2.6
0.
1”
0.
1V
1.5T
1.5T
2.5
7.3
24.2
15.5
10.0
17.5
20.0
16.1
15.0
210
.0
16.0
(2.5
11.6
70
.0
122.0
97
.4
97.6
293
.2
37
.5
180
.0
240.0
730.0
207.5
127
.3
156.0
20.5
195.0
330.0
531
.6
48
.2
276.0
12
.5
93.0
143
.0
14
.0
11.6
80
.6
11.0
34
.0
46.0
13.5
10.1
525.0
755.9
1146.9
4
2
.
7
98
.7
15.0
64.0
24
.0
5.0
160
.6
61
.5
65.0
8.0
8.0
5.
0
108
.6
75
.0
37.8
33
.0
8.5
14.0
5.0
20.0
17.5
16.0
8.
4
41.5
30.0
15.0
20.0
21
.7
58.5
63
.6
23.1
0.28
0.82
0.
35
0.65
0.
80
0.
43
0.
27
0.44
0.32
0.
69
0.
87
0.
43
0.
24
0.
73
23.8
54
.5
14.5
30
.0
44.5
19.0
16
.1
18.9
14
.0
33.0
34.5
37.5
36.9
192
.3
242
.2
203.8
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APP.
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(cont'd)
YIELD
ASH
TOTAL
ORGANIC
INORG.
TOTAL
TOTAL
A1 2
Fe
Cd
Cr
Cu
Mn
Ni
Pb
Se
Zn
C
C
C
N
S
Ins/1
7-
7-
7-
7.
7n
7.
7.
(-—-<-———- - - — — —->-—- — - - - — —}xg/g - — - -- v - — -- - — — -- -——---—)
 
TOTAL
100376-10
384.0
74.6
4.6
2.0
2.6
0.4
4.6
3.8
2.8
1.5
46.0
235.0
215.0
205.0
11.5
0.47
115.0
250476-10 E
669.9
85.8
2.9
2.4
0.5
1.5
1.2
9.0
4.4
1.3
39.5
184.2
413.0
168.4
70.4
0.49
153.9
020676-10
1290.6
80.9
2.1
1.1
1.0
-
12.9
0.1
0.1
0.114
12.7
59.0
83.2
19.2
3.5
0.07
10.7
140776-10
2125.0
69.9
1.0
0.9
0.1
0.2
17.9
0.2
3.3
0.114
11.5
45.0
62.5
16.5
5.0
0.11
18.0
121076-10
1532.2
77.6
2.9
1.2
1.7
0.4
12.9
0.4
0.1
0.8
10.0
42.0
215.0
22.5
9.0
0.09
16.5
DISSOLVED
100376-10
248.9
58.8
5.9
3.6
2.3
0.3
7.8
0.6
0.3
1.3
33.5
240.0
38.0
—
7.5
0.55
60.0
250476~10 E
183.0
71.3
5.0
3.7
1.3
1.8
3.5
4.9
2.3
1.6
64.0
173.2
141.6
180.0
148.0
0.98
110.1.
020676-10
1286.9
81.9
2.3
1.2
1.1
~
4.7
«0.1
(0.1
0.11.1
19.3
61.7
11.6
33.4
147.8
0.04
10.3
140776-10
2083.9
66.1
1.3
0.9
0.4
0.3
12.8
(0.1
«0.1
0.51"
10.0
25.0
5.0
10.0
11.0
0.06
7.0
121076-10
1450.0
76.3
1.8
0.9
0.9
0.4
13.5
0.2
<0.1
1.4
9.0
21.0
5.0
10.0
6.5
0.06
5.5
PARTICULATE
100376-10
114.5
89.2
1.8
1.1
0.7
0.1
0.2
-
-
3.5
76.9
67.3
480.7
45.2
37.5
0.26
201.9
250476-10
E
515.0
90.6
1.6
1.4
0.2
0.3
0.1
10.3
5.1
0.111
65.0
235.0
540.0
44.0
55.0
0.26
189.5
020676-10
35.7
78.9
5.1
-
-
0.5
0.2
7.2
4.9
0.111
187.2
57.7
778.4
48.4
20.3
0.16
500.8
140776-10
59.0
78.9
4.83
-
-
0.7
0.4
6.4
3.9
0.4T
39.0
45.1
2272.6
33.8
121.4
0.18
364.2
121076-10
74.8
81.9
3.7
-
-
0.8
0.9
4.7
4.3
1.4
76.7
24.3
3641.6
31.3
378.2
0.07
270.2
 
 APP. TABLE 24 (cont‘d)
 
YIELD ASH
TUFAL ORGANIC INORC. TOTAL TOTAL A1 Fe Cd Cr Cu Mn Ni Pb Se Zn
C C C N S
m8 /1 7.
7. 7. 7. 7. 7. 7. '/. (---
  
 
TUI‘AL
290376-13
575.2 66.9
3.2 0.5 2.7 1.0 2.4 0.4 0.2 0.111 12.5 65.0 149.5 88.0 11.0 1.02 39.0
270576-13 433.8 52.3
5.1 0.8 4.3 0.9 7.1 (0.1 (0.1 0.114 7.0 127.3 18.0 41.3 9.3 0.78 16.3
270776-13
510.3 57.0
4.4 1.1 3.3 0.8 6.7 0.2 0.1 2.50 6.5 60.0 1045.0 26.5 5.0 0.72 16.5
041176—13
403.5 76.1
3.5 1.3 2.2 1.0 7.2
0.3 0.3 0.5 21.8 93.7 102.9 46.0 16.7 0.53 24.1
DISSOLVED
290376—13 511.8 50.0
3.9 0.9 3.0 1.2 6.3 (0.1 (0.1 0.114 16.5 195.0 27.0 29.0 11.0 1.51 17.5
270576-13 396.0 73.5
4.1 0.9 3.2 0.1 7.5 ‘0.1 <.0.1 0.114 14.3 161.0 7.9 51.2 50.7 1.02 17.2
270776-13
464.7 60.5
5.0 1.4 3.6 0.6 7.2
— (0.1 0.1‘n' 2.5 60.0 9.5 22.0 7.5 0.61 15.0
041176-13
403.4 74.2
4.3 1.0 3.3 1.0 7.5 ‘0.1 (0.1 0.113 14.5 125.0 8.0 52.0 11.5 0.57 12.0
1
3
0
PARTICULATE
290376-13 5.8 88.0
0.3 - - 0.1 - - - - — - - _ - . _
270 576-13 - -
.- - - — - _ - — . - .. - .. _ _
270776-13 - -
- — - — .. _ - . _ - _ - _ . -
041176-13. - - - - - . - - - - _ _ _ _ _ _ .
 CWCENTRATIONS OF TOTAL METALS
AND NUTRIENTS IN STREAM WATER.
THE DATA OF TABLE 26 ARE EXPRES
SED ON A PER LITRE BASIS.
THE PARTICULATE
FRACTION IS THAT
SAMPLE >.45u AND
THE DISSOLVED<.'
45u.
APPENDIX TABLE 25 .
 
YIELD ASH SOLIDS
TOTAL ORGANIC INORG. T
OTAL TOTAL A1 Fe
Cd Cr Cu Mn
Ni Pb Se Zn
C C C N S
"8/1 7-
‘“8/1 mg
/l "lg/1
mg/l mg/l
mg/l mg/l
lug/1 (--—-
- v 4 - — - — -- — — — —
—- - - - pg/l - - — - - ~
‘- - — - - —— - - - - — - -
- "4)
290376-1
TOTAL 493.5 65.1 321.4 20.8 2.7 18.1 3.0 19.1 9.0 30.7 1.7 6.2 59.2 29.6 47.9 3.7 1.4 22.2
PARTICULATE 76.2 87.9 67.0 2.4 1.2 1.2 0.2 0.2 - - 0.5 2.4 6.9 32.4 4.3 4.1 0.1 22.0
DISSOLVED 428.5
61.3 262.7 14.7
2.1 12.6 2.2 25
.0 0.3 0.2 0.3
4.7 45.0 2.1 35.4
1.1 1.3 4.3
250576—1
TCfl'AL 421.4 75.4 317.7 15.6 5.5 10.1 1.3 41.7 0.8 37.2 0.2 7.0 21.9 11.3 15.3 6.9 0.6 11.8
PARTICULATE - - - - - - - - - - — - - — — - - ’
DISSOLVED 426.8 69.0 294.5 14.9 6.8 8.1 0.4 36.3 0.1 0.2 0.114 7.6 63.9 3.4 25.3 6.5 0.6 8.2
260776-1
'l‘Ol‘AL 514.3 70.8 364.1 27.3 12.9 14.4 2.1 25.7 9.0 4.1 0.1»: 15.4 55.0 147.0 38.0 6.9 0.6 25.5
PARTICULATE
10.7 94.9
10.1 —
— -
- -
_ . ..
_ _
_ -
_ .
-
DISSOLV‘ED 448.7
59.7 267.9 24.9
10.3 14.6 1.8 2
6.5 0.4 0.2 0.114
2.2 92.9 6.3 22.4
4.0 0.5 6.5
1
3
1
051176-1
TOFAL 856.6
76.4 654.4 20.6
10.3 10.3 1.7 6
4.2 2.6 1.7 0.3
11.1 101.1 27.4 65.9
9.9 0.4 14.1
PARTICULATE 70.0
80.4 56.3 3.2
- - (0.1 1.
5 - - 0.1
- 3.9 56.3 3.3
9.2 - 10.2
DISSOLVED 789.8
73.9 583.7 20.5
9.5 11.0 2.4 56
.6 <0.1 (0.1 (0.1
11.5 98.7 6.3 41.1
9.1 0.4 9.5
   
 1
3
2
YTELD
I
s
/
l
AS
H S
OLI
DS
mall
TOTAL
mg/l
ORG
ANI
C
C
Ins/1
INORG.
C
Ins/1
TOT
AL
mg/l
TOT
AL
mg/l
m
g
/
l
mall
Cd
Cr
Cu
Mn Ni
APP. TABLE 2
Pb
Se Z
n
 
05
04
76
-3
TOTAL
PAR
TIC
ULA
TE
DI
SS
OL
VE
D
25
04
76
-3
E
TOTAL
PAR
TIC
ULA
TE
DISS
OLVE
D
0806
76-3
TOT
AL
PAR
TIC
ULA
TE
DISSOLVED
1907
76-3
TOT
AL
PARTI
CULAT
E
DISSOLVED
 
1410
76-3
TOTAL
PARTI
CULAT
E
DISS
OLVE
D
169
.2
158
.8
62
7.
4
466.6
103.8
272
.1
264
.5
425.0
396
.9
240.1
190
.1
55.2
50
.3
72
.2
85
.8
60.0
60
.5
59.1
56.2
56
.9
93
.4
8
0
.
3
452.9
400.2
62.2
164
.7
156
.3
209
.1
203.2
134
.9
108
.2
32
.0
22
.4
8
.
5
22.0
21
.2
28.1
17
.1
18
.5
14
.8
10
.7
10.2
1.6
3.0
2
.
9
10.1
9.9
21
.3
12.2
6
.
9
19
.0
18
.3
23.0
13
.1
15.6
12
.1
10
.1
5.
3
2.1
6.
1
1.
0
1.
3
38
.2
16.8
0.6
16
.5
3.7
0.8
<
0
.
1
<
0
.
1
36.6
37
.3
3.1
68
.5
120
.1
25.2
18
.7
17.2
43.9
46
.3
16
.4
16
.4
5.8
15
.3
321.0
303.3
4.5
32.0
22
.2
7.1
23
.8
12
.3
17
.4
12
.8
1
.
7
12.8
8.
9
0
.
4
0.
3
0.1
59
.2
72
.3
3
.
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APP
.
TAB
LE
2
(co
nt'
d)
  
YI
EL
D
AS
H
SO
LI
DS
TO
TA
L
OR
GA
NI
C
INO
RG.
TO
TA
L
TO
TA
L
A1
Fe
Cd
Cr
Cu
Mn
N1
Pb
Se
Zn
C
Ins
/1
7-
mg
/l
Ins
/1
Ins
/1
mg
/I
mg
/l
mg
/l
mg
/l
mg
/l
2-
--
“-
-.
~—
--
--
--
-p
g/
1
..
..
..
..
..
.-
-.
.-
- .
..
..
..
.
'2
60
37
6—
4
TO
TA
L
436
.8
69.
9
305
.5
22.
7
5.4
17.
3
2.3
3.6
21.
4
12.
6
0.
1”
12.
2
85.
2
251
.2
44.
6
9.8
0.3
45.
9
PAR
TIC
ULA
TE
342
.9
87.
2
299
.0
12.
7
7.1
5.6
0.8
1.2
24.
2
13.
6
0.17
»:
18.
9
12.
7
291
.5
9.9
11.
1
0.2
46.
3
DIS
SOL
VED
127
.8
57.
6
73.
6
11.
2
1.6
9.6
1.6
3.2
—
-
-
0.9
128
.3
2.3
53.
9
0.6
0.1
3.8
 
01
06
76
-4
101
A].
252
.2
40.
8
102
.9
25.
8
3.7
22.
1
3.3
5.7
0.2
0.2
0.1
"
1.7
32.
9
7.5
22.
9
3.3
0.2
4.8
PA
RT
IC
UI
AT
E
-
-
-
-
..
-
_
-
_
-
-
_
_
_
_
_
_
-
DIS
SOL
VED
258
.2
41.
5
107
.2
26.
4
4.2
22.
2
3.2
4.6
0.1
0.1
0.1
11
2.8
26.
7
3.8
13.
5
3.6
0.1
4.6
12
07
76
—4
TOI
AL
433
.1
56.
5
244
.7
41.
1
9.5
31.
6
2.6
9.3
3.6
1.7
0.1
"
2.2
141
.6
116
.9
31.
4
14.3
0.2
12.
6
PA
RT
IC
UL
AT
E
-
-
-
-
—
..
..
_
-
_
.
_
-
-
-
_
_
-
DIS
SOL
VED
370
.8
53.
0
196
.5
38.
6
8.5
30.
1
2.6
5.2
0.2
0.1
0.2
T
1.9
51.
2
5.0
21.
3
3.4
0.2
10.
0
1
3
3
07
10
76
-4
TOT
AL
215
.0
58.
0
124
.7
20.
8
4.1
16.
7
1.1
5.2
(0.
1
(0.
1
0.3
5.2
80.
9
22.
3
29.
3
2.2
0.1
5.0
PAR
TIC
ULA
TE
11.
6
87.
0
10.
0
1.2
-
-
0.1
0.1
-
-
—
-
-
—
-
-
-
-
DIS
SOL
VED
204
.7
53.
2
108
.9
19.
4
4.1
15.
3
1.6
3.7
<0.
1
(0.
1
0.3
3.5
73.
8
8.2
68.
6
10.
8
0.1
23.
2
  
 1
3
4
YIE
LD
n
g
l
i
ASH
SOLIDS
n
u
l
l
TOTAL
Ins/1
ORGANIC
mall
INORG.
C
mgll
TOTAL
mg/l
TOTAL
A1
5
mg/l
mg/l
Fe
m
a
l
l
Cd C
r
Cu
Mn N1
APP. TABLE 2
Pb
310376-5
TOTAL
PARTICULATE
DISSOLVED
 
2504
76-5
E
TOTAL
PARTICULATE
DISSOLVED
030676-5
TOTAL
PARTICULATE
DISSOLVED
150776-5 E
TOTAL
PARTICULATE
DISSOLVED
210776-5 E
TOTAL
PARTICULATE
DISSOLVED
280876r5
TOTAL
PARTICULATE
DISSOLVED
 
051076-5
TOTAL
PARTICULATE
DISSOLVED
386.0
1.8
314.6
45.6
189.0
283.5
242.0
324.6
16.2
312
.7
277.8
33.5
229.5
309.1
277.7-
330.5
319.8
54.5
58.2
51.9
7
6
.
3
4
3
.
5
53.6
54.8
56.3
70.2
45.4
4
8
.
6
75.2
4
4
.
3
53
.0
55.3
210
.4
1.0
163
.3
34.5
82
.2
152.0
132.7
182
.7
11.4
142.0
135.0
25.2
101
.7
130
.4
163.5
175.2
176.8
6.0
0.1
3
0
.
5
4.4
18.4
26.1
21
.5
20.8
0.
1
21.9
24
.4
2.
3
18.8
29.1
23.3
5.8
10
.4
9.9
5.8
7
.
2
15.0
14.7
25.1
18.6
6.9
(0.1
7
.
0
5.8
0.3
5.1
7.3
24.6
6.3
4.8
0.2
2.4
4.7
0.1
3.4
1.6
(0.1
1.0
5.1
0.6
3.0 3.2
<0.1
2.1
3.5 1.1
5.6
0.8
0.6
0.
3
(0.1
(0.1
0.
1w
<0.1
0.2T
0.
1V
0.
1"
0.1T
0.
1M
0.3T
0.5%
0.4T
3.2
2.0
65.6
4
.
9
3.3
3.6
37.7
92.2
4
.
1
24.1
58.4
2.0
6.4
66
.7
2.4
44.8
18.6
86.8
23.9
15.2
3
0
.
2
12.2
10.6
39.7
38
.4
10.5
3.8
3.2
16
.5
31.1
3.4
11.6
20.8
0.6
2.5
53.1
34.7
a.a
2.7
2.4
4
.
9
0.8
3.4
17.1
8.8
3.5
9.7
3.9
10.3
12
.4
6.8
7.9
5.9
10
.4
 APP. TABLE 25 (cont'd)
YIELD ASH SOLIDS TOTAL ORGANIC INORC. TOTAL TOTAL A1 Fe Cd Cr Cu Mn Ni Pb 32 Zn
C C C N S
Ills/1 7:: “18/1 Ins/1 mg/l mg/l mg/l mg/l mg/l mg/l (-——«-~—-—-——-.-.-_-...—_- Pg/l .................... .-..__)
 
100376—10
TOTAL
385.0 75.6 286.5 17.7 7.7 10.0 1.5 17.7 15.6 10.8 0.6 17.7 90.2 82.6 78.7 5.5 0.2 55.2
PARTICULATE 135.1 89.2 120.5 2.5 1.5 0.9 0.1 0.2 - — 0.5 10.3 9.1 65.9 6.1 5.1 “.1 27.3
DISSOLVED 258.9 58.8 156.3 15.7 9.0 5.7 0.7 19.5 1.5 0.8 0.3 8.3 59.7 9.5 - 1.8 0.1 15.9
250576—10 E
TOFAL
669.9 85.8 575.7 19.5 16.0 3.5 10.0 8.0 60.3 29.5 0.9 26.5 123.5 276.7 112.8 57.2 0.3 105.0
PARTICULATE 586.9 90.6 551.1
7.8 6.8 1.0 1.5 0.5 50.2 25.8 0.114 31.6 115.5 262.9 21.5 26.8 0.1 92.3
DISSOLVED
183.0 71.3 130.5
9.2 6.8 2.3 3.5 6.5 9.0 5.1 0.3 11.7 31.7 26.0 32.9 27.1 0.2 20.2
 
020676-10
TCII'AL
1290.6 80.9 1053.6
26.5 15.2 12.3 - 166.0 1.2 0.6 0.114 16.5 76.1 107.5 25.8 5.5 0.1 13.8
PARTICULATE
3.7 86.8 3.1
0.2 —
— - - 0.3 0.2 0.114 0.7 0.2 22.8 0.2 0.1 - 1.8
DISSOLVED
1286.9 81.9 1055.2
29.3 15.3 15.0 - 60.5 0.3 0.5 0.117 25.8 79.5 15.9 53.0 1.9 0.1 13.2
150776-10
TOTAL
2125.0 69.9 1585.5
20.5 19.1 1.3 5.7 273.3 3.8 69.7 0.114 25.5 95.6 132.8 35.0 10.6 0.2 38.3
PARTICULATE 59.0 78.9 56.6
2.8 -
- 0.5 0.3 3.8 2.3 0.1T 2.3 2.7 135.0 2.0 7.2 0.1 21.5
DISSOLVED
2083.9
66.1 1377.5
27.5 18.7
6.8 5.2 266.5
0.3 0.2 1.0T 20.8 52.1 10.5 20.9 22.9 0.1 15.6
1
3
5
121076-10
TOTAL
1532.2 77.6 1189.0 55.5 18.5 26.0 6.1 197.6 6.2 1.5 1.2 15.3 65.5 329.5 35.5 13.8 0.1 25.3
PARTICULATE
75.8
81.9 . 61.3
2.8
-
-
0.6
0.7
3.5 3.2 0.1 5.7 1.8 272.5 2.3 28.3 0.1 20.2
DISSOLVED
1550.0
76.3 1106.5 . 26.1 13.1
13.1 5.8 195.8
2.9 <0.1 2.0 13.1 30.5 7.3 15.5 9.5 0.1 8.0
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3
TOTAL
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TOT
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D
270776-13
TOTAL
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DISSOLVED
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575.2
63
.6
511.8
633.8
396.0
510.3
466.7
503.5
40
3.
6
66
.9
86.0
50
.0
63.5
62
.3
57.0
60.5
76.1
76.2
362.6
55
.7
287.6
275.5
246
.7
290
.9
28
1.
1
307.1
299.3
16.2
0
.
2
20
.0
22.1
16.0
22
.4
23
.6
10.1
17
.3
2.8
5.0
3.3
3.4
5.2
6.0
13.6
15.0
15.8
12.6
17.0
17
.7
5.
7
0.
1
6.1
13.8
32.2
32.5
29
.5
36.1
33
.4
29.1
30
.2
(0
.1
13.0
17.1
3.0
5.7
3.3
1.1
3
3
.
3
112.2
55.2
63
.8
30.6
27.9
76
.5
15.5
65.0 5.6
16.7
6.3
17.9 6.0
20.3
19.9
13.5
2.6
10.2 3.5
18.6
6.7
21.0 6.6
20.0
10.1
7.1
17.6
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Yield
.33
To
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A
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-.30
Total N
.08
Total 5
-.11
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-
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Fe
.89
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Yield
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Total
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.59
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Total C
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N
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Total
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1
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6
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3
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9
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6
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9
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-
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7
-.11
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-
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7
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-
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3
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7
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Cr
-.
30
.32
-.
02
.
0
A
.06
-.
15
.
2
4
.3
9
-
.
3
7
.06
.3
1
—.
05
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A
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2
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.1
7
.
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3
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.
0
7
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-
.
2
3
-.
50
.
.
7
5
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.
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8
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4
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7
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6
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7
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7
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7
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.0
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.0
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0
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0
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7
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8
-.
21
.
0
0
6
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Pb
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.06
.
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0
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5
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.63
.61
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-.05
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1
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10
-
.
3
7
.61
.61
Se Zn
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0
-.18
.
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3
.6
1
.
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9
-
.
2
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-
.
3
5
-
.
6
7
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-.18
-
.
1
4
.001
.02
-.
07
.0
7
-.
50
-.
02
-.
51
-.
27
-.
16
.0
2
.08
.
2
7
.3
8
.
1
9
.6
8
-
.
0
2
.A3
—.
35
.
8
A
.
8
3
-.
09
—.
12
.3
4
—.22
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07
-
.
3
7
.82
.82
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at .0
5
.46
sign
ific
ant
at
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COR
REL
ATI
ON
COE
FFI
CIE
NTS
FOR
THE
TOT
AL
SUS
PEN
DED
SED
IME
NTS
COL
LEC
TED
IN
EAC
H W
ATE
RSH
ED
Al
TOT
AL
WATER
SHED
1
Yie
ld
-.3
6
Tot
al
C
.78
Org
ani
c C
.12
Ino
rga
nic
C
.80
Tot
al
N
.85
Tot
al
5
-.9
4
Tot
al
Al
-
Tot
al
Fe
—.1
5
HAT
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HED
3
Yie
ld
.84
Tot
al
C
-.7
7
Org
ani
c C
.81
Ino
rga
nic
C
-.8
8
To
ta
l
N
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Tot
al
S
-.7
8
Tot
al
Al
-
Tot
al
Fe
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HE
D
4
Yie
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.94
Tot
al
C
-.8
7
Org
ani
c C
-.5
0
Ino
rga
nic
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-.9
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Tot
al
N
.17
Tot
al
5
.04
Tot
al
A1
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Tot
al
Fe
.91
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.0
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.
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APP.
TABLF 27 (Cont‘d)
 
CORRELATION COEFFICIENTS FOR THE TOTAL SUSPENDED SEDIMENI'S COLLECTED IN EACH WATERSHED (cont‘d)
Al
Fe
Cd
Cr
Cu
Mn
Ni
Pb
Se
Zn
 
TOTAL
WATERSHED 5
Yield
Total C
Organic C
.53 -.09 -.60 -.17 —.15 .29 -.21 -.47 -.19
-.34 .38 .56 -.28 .41 .38 -.05 .44 .36
.34 -.38 .47 -.27 .78 -.13 .16 .78 .79
-.56
.63
Total N
.62 -.65
-.18 .65 -.16 .69 .75 .75
Total S
-.12 .33
-.21 -.20
-.88 -.44 -.30
Total A1
-
.88 -.46 -.54 -.32 .07
-.23 -.21 .10
Total Fe
.88
-
—.61
-.24 -.30
.51
-.06
.03
.25
.55
r = .67 significant at .05
Inorganic C
-.23 .17 .51 -.13 .21 .09
r = .80 slgnlfﬁant at .01
  
WATERSHED 10
Yield
-.71 -.28 -.85 -.90 -.91 —.66 -.90 -.49 -.85 -.82
Total C
43 .05 .88 .77 .80 .51 .80 .18 .69 .61
Organic 0
.95 .61 .89 .92 .90 .90 .92 .82 .96 .98
Inorganic C -.05 -.33 .59 .42 .48 .10 .45 -.29 .29 .17 r : .87 significant at .01
Total N
.94 .67 .65 .60 .54 .95 .61 .98 .73 .83
Total 8
-.96 -.73 -.85 -.94 -.91 -.85 -.94 -.81 -.95 -.999
Total A1
-
.74 .74 .80 .76 .92 .80 .95 .89 .96
Total Fe
.74 -
.43 .64 .59 .49 .62 .66 .73 .75
 
r = .75 significant at .05
WATERSHED 13
Yield
.53 -.27 .15 -.39 -.73 .33 .59 -.47 .86 .63
Total C
-.98 -.78 .21 -.7O .59 .16 -.69 -.56 —.17 —.85
Organic C
-.26 .32 .47 .42 .06 .31 -.75 .26 -.97 -.60
Inorganic C
-.84
-.88
.02 —.84
.55
.03
-.37
-.63
.22 -.58
Total N
.67 .82 -.82 .78 .14 -.81 .75 .88 .12 .74
Total S
-.76 -.ll .32 .01 .52 .16 -.92 .01 ~87 -.92
Total Al
-
.67
-.22
.58
-.64 ~.15
.45
.34
.92
-.39
Total Fe
.67
-
-.39
.99
-.08 -.46
.38
.93
-.36
.50
r : .81 significant at .05
r = .91 significant at .01
  
 APPENDIX TABLE 28
 
CORRELATIGI C(EFFICIENTS FOR THE DISSOLV'ED FRACTIW OF THE SUSPENDED SEDIHENTS COLLECTED IN MCH WATERSHED
A1 Fe Cd Cr Cu Hn Ni Pb Se Zn
mssowzn
wméasuzn 1
Yield
- - -.36 .25 -.2s ..08 -.1.3 .23 -.67 -.33
101.1 c
-
-
-.16 -.78 .87 .30 -.25 -.12 .07 .2!»
Organic c
-
-
-.so -.38 .97 .95 -.83 .51. -.61 .61
Inorganic C
-
-
.60 -.73 .25 .17 .50 -.73 .73 -.26
Total N
— - .68 -.7a -.12 -.03 .A7 .95 .51 -.as
r = ~91 significant at ~01
Total 5
-
-
-.55 .a7 ..10 -.19 -.32 .88 -.I.3 .77
Total A1
-
1.0
-
-
-
-
-
-
-
-
 
r = .81 significant at .05
 
Total Fe 1.0 - - - - — - - - ..
WATERSHED 3
Yield
.59 -.13 -.37 -.l15 -.69 .11 .28 .53 .56
Total C
.41 .42 .10 .18 .10 .31 .45 -.100 .07 -.63
Organic 6 .38 .519 .17 .50 -.79 -.36
.107 .0G .31
Inorganic C .310 .30 .06 .05 .34 .45
-.57 .07 -.79 r
Total N
-.88 -.88 .104 -.77 -.14 -.63
.35 .20 .10
Total S
-.69 -.65 .49 -.79 -.12 -.A8 .710 -.22 .65 .67
Total A1.
-
.98 -.35 .93 .110 .68 -.loO -.04 -.60 .19
Total Fe
.98 -
-.37 .96 -.05 .54 -.35 .05 -.50 .29
 
r = .75 significant at .05
1
4
0
.87 significant at .01
 
1: 11311511120 1.
Yield
.72 .72 .07 -.33 -.32 -.38 -.e7 -.17 .88 -.33
Total c
.85 .as .02 -.1a -.95 “31. -.97 -.03 .99 -.63
Organic c
.80 .30 .61 .10 -.7a .19 -.54 .36 .72. .002
Inorganic c
.28 -.2a -.70 -.39 -.52 -.76 -.30 -.se .55 -.87
Total N
-.68 -.68 -.74 -.16 .57 —.35 .31
-.55 —.23
r = -91 significant at -01
10:.1 s
-.91
-.91 -.3a -.04
.92
.03
.79
Total A1
- 1.0 .48 .39 -.96 .20 -.72
Total Fe
1.0
-
.as .39 -.96 .20 -.72
r = .81 significant at .05
-.93
.35
.92
-.5A
.92 «"51.
 
CORRELATION
COEFFICIENTS
FOR
THE
DISSOLVED
FRACTION
OF
THE
SUSPENDED
SEDIMENTS
COLLECTED
APP.
TABLE
28
(cont'd)
IN
EACH
WATERSHED
(cont'd)
 
A1
Fe
Cd
C
r
Cu
Ni
Pb
Se
DISSOLVED
WATERSHED
5
Yield
-.19
-.31
.45
Total
C
.13
.18
-.47
Organic
C
.68
.62
-.58
Inorganic
C
-.10
-.01
-.32
Total
N
.72
.57
-.16
Total
S
-.73
-.60
.05
Total
A1
-
.97
.16
Total
Fe
.97
-
.26
WATERSHED
10
Yield
-.66
-.65
-.63
Total
C
.55
.55
.58
Organic
C
.70
.70
.62
Inorganic
C
.17
.16
.42
Total
N
.98
.98
.67
Total
S
-.62
-.63
.05
Total
A1
-
.999
.59
.999
-
.59
1
4
1
Total
Fe
WATERSHED
13
Yield
-.25
-
-
Total
C
-.94
-
-
Organic C
-.98
—
-
Inorganic C
-.87
-
-
Total N
.17
-
-
Total 8
Total
Al
-
1.0
-
Total
Fe
 
.4
6
-.18
.21
-.28
.5
7
-.52
.07
-.18
-.86
.7
9
.87
.48
.86
-.78
.93
.93
-.10
-.
97
-.
98
-.
93
.28
-.
24
.9
9
.40
-.37
-.78
-.
14
-.50
.35
-.
23
—.09
-.92
.9
9
.96
.9
1
.39
-.58
.48
.48
.18
-.99
-.
94
-.
99
.2
2
-.50
.8
7
-.72
.5
4
.43
.46
-.
12
.05
.2
5
.2
4
-.75
.6
6
.7
9
.30
.95
 
.9
9
.99
.8
7
-.
53
—.35
-.
68
.66
-.98
.26
.07
.41
-.52
.6
5
-.
74
.26
-.51
-.4O
-.
54
.40
.55
.02
.9
3
-.
67
.9
7
.9
7
- 85
-.
47
-.
63
-.
29
-.30
.63
.72
.32
.07
.12
.0
4
.2
3
-
.
2
5
-.32
-.39
-.
34
.1
7
.
2
4
-.01
.
4
4
.
-.
87
.57
.59
-.60
—.
39
-.49
-.
27
-.81
.43
.41
-.
17
.002
.7
4
-.26
.8
2
-.
67
.88
.7
7
-.
87
.85
.9
4
.5
4
.86
—.
63
.90
.9
0
.60
-.75
-.62
-.
85
.25
-
.
8
1
.
4
8
-
.
8
7
.8
4
.9
3
.5
3
.86
—.
67
.91
.91
.45
"4
1
-.31
-.49
-.
27
-.$5
.11
.6
7
.80
.75
.8
7
.8
1
.91
significant at
.05
significant at .01
significant
at
.05
significant
at
.01
significant
at
.05
significant
at
.01
TABLE 29 .
SOIL HA + FA
AG 1
AG 3
AG 4
AG 5
AG 10
AG 13
Cr
1.2
27.7
5.2
41.8
26.4
SEDIMENT HA + FA
AG 1
AG 3
AG 4
AG 5
AG 10
AG 13
0.4
0.6
0.4
0.6
0.3
ND - not determined
Cu
8.4(12.8)*
1.4
12.4(9.6)*
10.5
10.9
5.0
9.6(15.2)*
12.4
18.5(22.7)*
19.4
14.3
14.7
Ni
3.0(16.8)*
2.2
6.1(10.8)*
6.3
10.6
2.7
0.3(18.5)*
1.5
1.5(25.9)*
2.0
1.6
0.6
PERCENTAGE OF TOTAL METAL BOUND BY
SOIL AND SEDIMENT HA'S AND FA's
Pb
ND(10.0)*
4.4
ND(10.2)*
ND
9.1
0.4
0.5(6.6)*
1.6
1.5(7.0)*
4.4
2.4
0.6
* percentage organically bound from Appendix Table 27.
142'
 
Zn
o.4(11.2)*
1.0
0.6(6.8)*
0.6
0.6
0.4
2.3(15.6)*
0.9
4.5(16.1)*
3.5
0.4
3.9
  

